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Surface Land Ornerchio Within and Adiacent to the Permit Area

The following information describes the surface land ownership within and adjacent to the permit.
Plate l-1 shows surface land ownership in and adjacent to the permit area.

Section {9 T22S. RGE

George E. & Patricia Olsen
15 E. Center
Orangeville, Utah 84537
(801) 748-2522

James Olsen
647 N. Main
Spanish Fork, Utah 84660
(801) 798-3322

United States of America (BLM)
Lease No. U-5287
Utah State Offices
University Club Building
Salt Lake City, Utah 84111
(801) 524-5330

Utah Power and Light
P.O. Box 899
Salt Lake City, Utah 84522
(801) 748-2570

Wynona P. Olsen (trustee)
3805 Highland Cove Lane
Apt #D18
Salt Lake City, Utah 84146

M. Christensen
Box 35
Emery, Utah 8/622
(801) 286-2348

Young Investment LLC
c/o Walt Young
6590 W. Center St.
Mendon, UT 8/.325

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 8314000

Julian Bowman
P.O. Box 141
Huntington, UT 84528-0141
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Surface Land Owneship Withi4 and Adiacent to the Permit Area

The following information describes the surface land ownership within and adjacent to the permiL
Plate l-1 shows surface land ownership in and adjacent to the permit area.

Section 20 T22S. R6E

Gary Petty & Jolene
P.O. Box 44
Emery, Utah 84522

Glen R. Anderson
1462 W. 6235 S.
Murray, Utah 84107
(801) 2664324

Emery County
Emery County Courthouse
Castle Dale, Utah 84513

Osburn Bret and Lori Lynn Carter
P.O. Box 24
Emery, Utah 8/.522

Kenneth L. & Earlene Christensen
P.O. Box 552
Emery, Utah 8/,522

Jeffery Christensen
P.O. Box 235
Cleveland, UT 84518

Osburn Bret Carter & J.R. Lawrence
P.O. Box 24
Emery, Utah 8r'.522

Utah Power and Light
P.O. Box 899
Saft Lake City, Utah 84110
(801) 748-2570

Section 2{ T22S. RGE

Wayne & Delise Staley
482 N. 2 W.
Emery, Utah 8/,522
(801) 286-2213

John & Vicki Byars
P.O. Box 575
Emery, Utah 84522

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 1 5241
(412) 8314000

Osburn Bret and Lori Lynn Carter
P.O. Box 24
Emery, Utah 84522

L.D. & C.A. Jensen
179 W. 4 S.
Emery, Utah 84522
(801) 286-22e7

Kent Alan Jorgensen et al
3663 Bountiful Bfvd.
Bountiful, UT 84010-3313

Morris & Ronnie Sorensen
P.O. Box 104
Emery, UT 84522-0104

2
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Surface Land Ownerchio Within and Adiacent to the Permit Area

The following information describes the surface land ownership within and adjacent to the permit.
Plate l-1 shows surface land ownership in and adjacent to the permit area.

Section 22 T22S. RGE

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 1 5241
(412) 831*4000

John & Vicki Byars
P.O. Box 575
Emery, Utah 8/,522

Kenneth L. & Earlene Christiansen
P.O. Box 552
Emery, Utah 84,52

D.U. Company, Inc.
53 West Angelo Avenue
Saft Lake City, Utah 84115

Section 27 T22S. RGE

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 8314000

Section 28 T22S. B6E

Wayne & Delise Staley
P.O. Box 83
Emery, Utah 8F.522
(801) 286-2213

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 8314000

Russell H. Odle
P.O. Box 23
Emery, UT 8r'522-0023

Section 29 T22S. R6E

Russell H. Odle
P.O. Box 23
Emery, UT U522-0023

Emery County
Emery County Courthouse
Castle Dale, Utah 84513

Morgan Robertson
P.O. Box 65
Emery, Utah 84522
(Refer to Page 7b thru 7d for
Exploration & Surface Agreement)

Rainbow Glass
P.O. Box 340
Orangeville, UT U537

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 831-4000

Osburn Bret Carter & J.R. Lawrence
P.O. Box 24
Emery, Utah 84522
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Surface Land Ownenship Within and Adiacent to the Permit Area

The following information describes the surface land ownership within and adjacent to the permit.
Plate l-1 shows surface land ownership in and adjacent to the permit area.

Section 30 T22S. R6E

George E. & Patricia L. Olsen
15 E. Center
Orangeville, Utah 8/537
(801) 748-2522

Josiah K. Eardley
2433 South Highway 10
Price, Utah 84501

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 8314000

Emery County
Emery County Courthouse
Gastle Dale, Utah 84513

Morgan C. Robertson
P.O. Box 65
Emery, Utah W522

(Right of Entry - Road &Monitoring
Facilities, right-of-way & easement
grant executed 10-&88, filed &
recorded 10+'88, Utah, Emery County
Book 174, Page 600€01)

Wynona P. Olsen (trustee)
3805 Highland Cove Lane
Apt #D18
Saft Lake City, Utah 84146

Young Investment LLC
c/o Walt Young
6590 W. Center St.
Mendon, UT 84325

Clara V. Afbrechtsen
893 N 800 E
Bountiful, UT 84010-2848

M. Christensen
Box 35
Emery, Utah 84522
(801) 286-2348

Section 3{ T22S. R6E

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 831-4000

Morgan Robertson
P.O. Box 65
Emery, Utah 84522

Josiah K. & Etta Marie Eardley
2433 South Highway 10
Price, Utah 84,501

Osburn Bret Carter et al
P.O. Box24
Emery, Utah 8/,522

Section 32 T22S. R6E

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 831-4000

Osburn Bret Carter
P.O. Box24
Emery, Utah 84522

4
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Surface Land Ownership Withln and Adiacent to the Permit Area

The following information describes the surftace land ownership within and adjacent to the permit.
Plate l-1 shows surface land ownership in and adjacent to the permit area.

Section 33 T22S. RGE

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 831*4000

Section 34 T22S. R6E

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 8314000

United States of America (BLM)

Section 25 T22S. R5E

Rex Addley
Emery, Utah 84522
(801) 286-2250

George Lewis
75 E.3rd South
Salt Lake City, Utah 84111
Phone Unknown

Robert Lewis
107 W. 2 S.
Emery, Utah 84522
(801) 286-2424

United States of America (BLM)
Not Leased

Section 36 T22S. RSE

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 8314000

M. Robertson
P.O. Box 65
Emery, UT U522-0065

Section 6 T23S. R6E

Consolidation Coal Company
1800 Washington Road
Pittsburgh, Pennsylvania 15241
(412) 8314000

United States of America (BLM)
Not Leased

Osburn Bret Carter
P.O. Box24
Emery, Utah 84522

Section 5 T23S. RGE

Osburn Bret Carter
P.O. Box24
Emery, Utah 8/.522

United States of America (BLM)
Not Leased
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Surface Land Ownerchip Within and Adiacent to the Permit Area

The following information describes the surftace land ownership within and adjacent to the permit.
Plate l-1 shows surface land ownership in and adjacent to the permit area.

Section 4 T23S. R6E

United States of America (BLM)
Not Leased

Section 1. T23S. RSE

United States of America (BLM)
Not Leased

6
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Coal Ownership Within and Adiacent to the Permit Area

All the holdings described below that are shown as controlled by P&M or Consol were subject to
a 50/50 lease agreement between Consol and P&M (through Gulf Oil Company's acquisition of
Kemmerer Coal Company) dated August 23, 1966 and amended 9nn2 and 2127175 . Any
reference, below, to Kemmerer should be read as P&M. This agreement was terminated by an
agreement made effective 3131193 giving Consolidation Coal Gompany sole control of the Emery
Coal Mine and all real property associated with it. A copy of this latest agreement is provided at
the end of this appendix. The documents and fands listed below pertain only to coal ownership.
Pfate l-1 shows coal ownership in and adjacent to the permit area.

Townphip 22 South. Range 6 East (SLMI

Section 19 NE%SW% Lease from USA (BLM) to Kemmerer and Consol
NW%SE% dated TnnO WU-527)
E%SE% Utah State Offices
S%NE% University Club Building

Salt Lake City, Utah
(801) 524-5330

Re-numbered 0712007
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Wednesday, July I 1, 2007

TIM WALTER
CONSOL - EMERY MINE
CONSOLIDATION COAL COMPANY
ISOO WASHINGTON ROAD
PITTSBURGH, PA 15241

TEL:
FAX:

RE:

Dear TIM WALTER:
Order No.: G0706408

Geochemical Testing received 2 sample(s) on 6/18/2007 for the analyses presented in the
following report.

There were no problems with the analyses and all QC data met NELAC, EPA, and laboratory
specifications except where noted in the Case Narrative.

Ifyou have any questions regarding these tests results, please feel free to call.

Sincerely,

David M. Glessner
Laboratory Manager

CHV pg15a

Page 1 of5
Inserted 7/07



Geochemical Testine Datez I l-Jul-07

CLIENT:

Project:

Lab Order:

CONSOL - EMERY MINE

G0706408
CASE NARRATIVE

No problems were encountered during analysis of this work order number, except as noted.

The reported analytes are not NELAC parameters.

The available boron and soluble selenium are reported on both the extract and solid basis.

The Acid-Base Accounting results are also reported in a tabular format on Page 5 of this Work Order.

REVISED REPORT: 07 /ll/2007
Sample descriptions revised per client request.

S - Spike Recovery ouside accepted recovery limits

R - RPD outside accepted recovery limits

E - Value above quantitation range
| - Value exceeds Action Limit

H - Method Hold Time Exceeded

CHV pg15b
Page 2 of 5

ND - Not Detected at the Reporting Limit

J - Indicates an estimated value.

U - The analyte was not detected at or above the listed
concentration, which is below the laboratory quantitation limit.

B - Analyte detected in the associated Method Blank

Qualificn:



Laboratory Results

Geochemical Testing Date: I I-Jul-07

CLIENT:

Lab Order:
Project:

Lab ID:

Matrix:

CONSOL - EMERY MINE

G0706408

G0706408-001
SOLID

Client Sample ID: Roof Sample

lst North Section
Sampled By: Client

Collection Date: 6/ | 5 /2007

Received D atez 6/ 18/2007

Analyses Result Limit Qual Units DF Date Analyzed

ACID BASE ACCOUNTING
Total Sulfur
Sulfate + Sulfide
Max Potential Acidity
Fizz Rating
Neutralization Potential (CaCO3)
Deficiency or Ex@ss

co2
Total Organic Carbon

FORMS OF SULFUR
Organic Sulfur
Pyritic Sulfur
Sulfate Sulfur
Total Sulfur

OVERBURDEN METALS
Available Boron - Extracl Basis
Available Boron - Solid Basis
Soluble Selenium - Extract Basis
Soluble Selenium - Solid Basis

ASTM EXTRACTION
% Moisture
Final pH

Solids, gram/gram

2.69
2.36
73.8

0
3.9

-69.9

ACID BASE ACCNT
0.01 0a

0.01 0a

0 TN CaCO3/1000 T
0
0 TN CaCO3/10007
0 TN CaCO3/10007

ASTM D1756/D5373

1
1
1
1
1
1

Analyst GAK
6t19t2007
6t19t2007
6/19n007
6t19t2007
6t19t2007
6t19t2007

Analyst GAL
6115t2007

Analyst RLL
6t't9t2007
6n9n007
6t19t2007
6t19t2007

Analyst: NPT
6t22t2007
6t22t2007
6t22f2007
6t22t2007

Analyst: DAN
6/19n007
6t19t2007
6n9noo7

20.1 0.20 o/o

OVERBURDEN
0.32
2.18
0.18
2.69

0.02
0.94

< 0.01
< 0.20

0.38
6.4
1 .0

0.01 o/o

0.01 To
0.01 0h

0.01 0a

D 3987/EPA 200.7
0.01 mg/L
0.20 mg/Kg
0.01 mg/L
0.20 mg/Kg

ASTM D 3987
0.01 0a

1.0 o/o

0.10 0h

1
1
1
1

,|

1
1
1

1
1
1

CHV pg15c

Page 3 of 5



Laboratory Results

Geochemical Testing Datez I I-Jul-O7

CLIENT:

Lab Order:
Project:

Lab ID:

Matrix:

CONSOL - EMERY MINE

G0706408

G0706408-002
SOLID

Client Sample ID: Floor Sample

X-Cut #5, Zero North
Sampled By: CIient

Cof lection Date: 6/ | 5 /2007

Received Date: 6/ 18/2007

Analyses Result Limit Qual Units DF Date Analyzed

ACID BASE ACGOUNTING
Total Sulfur
Sulfate + Sulfide
Max Potential Acidity
Fizz Rating
Neutralization Potential (CaC03)
Deficiency or Excess

co2
Total Organic Carbon

FORMS OF SULFUR
Organic Sulfur
Pyritic Sulfur
Sulfate Sulfur
Total Sulfur

OVERBURDEN METALS
Available Boron - Extract Basis
Available Boron - Solid Basis
Soluble Selenium - Extract Basis
Soluble Selenium - Solid Basis

ASTM EXTRACTION
% Moisture
Final pH

Solids, gram/gram

0.21
0.08
2.5

0
4.8
2.3

ACID BASE ACGNT
0.01 0h 1

1
1
1
1
1

Analyst GAK
6t19t2007
6119t2007
6t19t2007
6n9n007
6t19t2007
6n9no07

0.01
0
0
0
0

oh

TN CaCO3/1000 T

TN CaCO3/1000 T
TN CaCO3/1000 T

ASTM D1756/D5373
8.49 0.20 0A

OVERBURDEN
0.14 0.01 o/o

0.05 0.01 0h

0.03 0.01 o/o

0.21 0.01 %

D 3987/EPA 200.7

Analyst:
6n9n007

Analyst:
6t19n007
6/19n007
6t19t2007
6t19t2007

GAL

RLL
1

1
1
1

0.18
3.50

< 0.01
< 0.20

1.86
6.9

0.98

0.01 mg/L
0.20 mg/Kg
0.01 mg/L
0.20 mg/Kg

ASTM D 3987
0.01 0h

1.0 0/6

0.10 o/o

1
1
1
1

Analyst: NPT
6t2212007
6n2t2007
6t22t2007
6t22t2007

Analyst: DAN
6119t2007
6t19t2007
6119t2007

,|

1

1

CHV pg15d

Page 4of5



Acid Base Accounting Report
Cl ient  CONSOL -  EMERY MINE

Sampled By Client
Sampled Collected 61 1 512007

Roof Sample-1st North
Floor Sample-X-Cut #5 Zero North

Sulfate S
plus

Sulfide S%

Maximum
Potential

Deficiency
Neutralization orExcess

1 1

G0706408
73.8
2.5

001
002

2.36
0.08

3.9
4.8

-69.9
2.3

Notes: (1 ) Tons CaCO3/1 000 tons overburden.
(2) Negative Number indicates deficiency.
(3) Legend 0=None 1=Slight 2=Moderate 3=Strong

Sample Preparation and Testing Techniques

All preparation and testing procedures are performed according to the "Ovbrburden Sampling and Testing Manual"
as prepared for the Pennsylvania Department of Envitonmental Resources by Energy Center, Inc.,
T. Bergstresser, D. Noll, J Woodcock.

The maximum potential acidity is calculated from the sulfate plus sulfide sulfurs. lMtenever
the forms of sulfur are not determined, the total sulfur value is used to calculate the maximum
potential acidity.

CHV pg15e

Page 5 of 5
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gE
This part of Chapter V covers all of the issues associated with subskJence. Other

chapters refer to this part when information conceming subsidence is required.

A comprehensive presubsidence survey of the permit area was done by Valley
Engineering, Inc. and is appended to this part. Subsequent updated pr+subsidence
surveys will be completed for all future panels where full extraction (planned subsidence) is
contemplated. The reports will be submitted to DOGM si- months prior to initiating full
extraction.

V.8.1 Subsidence Gontrol. tonitorino
UliG 783.2'l (dl. {el. (hl

Pfates V-1,V-2, and V-3, of Appendix V-3 (Presubsidence Survey) show the manmade
features within and adjacent to the permit area, which are not associated with the mining
operation. Each feature or structure is coded on the maps and described in the nanative.
Plates ll-1, ll-2, lV-3, and lV-18, show the manmade structures associated with the mining
operation. Each structure is coded on the maps and described in the nanative of Chapter
ll. The designs for the various structures are detailed in Ghapterc IV and Vl.

UtG 78a-16 (al{l{ivl

Past underground mining has taken place beneath three structures in this category.
They are Pond #l (mine discharge sedimentation pord), Pond #4 (rwerse osmosis
discharge collection pond), and Pond *5 (preparation plant area sedimentation pond). A
small amount of subsidence would not have a significant effect on these ponds.

Pond #1, the largest, is an incised stnrcture with heavily rip-rapped berms and concrete
inlet/outlet structures"

Pond #l is the only impoundrnent containing an appreciable amount of water and it
is a large distance from any public or pivde structure- Any discharge would be to an
unnamed tribdary of Quitchupah Creek. All three impoundments overlie mains and
submains entries with relatively shallow overburden depths (less than 200 ft) and thus
subsidence is not likely. The potentialfor dwnstream materialdamage due to subsidence
is very lov.

Appendix V€ contains a presubsidence survey, performed by Valley Engineering,
Inc. in 1980. Since that time, no structures have been added or removed. This document
is therefore still used as baseline information.

Since the presubsidence survey shows that subsidence could causn material damage
to structures ad renewable respurse landq the folowing information is included for Parts
(a),O),(c), and (d) ofthis regulation

Chapter V Page 26 Revised 12107



The effects of mitigation work on non.renewable resources -The best
example of this situation is the case where il is necessary to rcgrade an anea
to mitigate the effects of subsidence. lf it is necessary to remove the topsoil
prior to regrading, it would be betterto walt untilall probable subsidence had
occuned than to risktopsoil contamination through repeated removal and
respreading of the topsoil should suboidence continue for several year.
Horever in this case, it may be necessary to perform lesser or temporary
mitigative work to minimize the erffects of pending water on the soil resources
or hazardous condilions for people, wildlife or livestock.

As discussed above, we do not believe it is possible to commit to a sp€Gific
tinretable for performing subeidence mit[ation. However, when subsidence
mitigation is required by applicable laws and regulations, mitigation willbe
perbrmed as soon as practicaltakiqg into consideration the above iterns.

uilG E17.126

As described in the subsidence control plan, under UMC 784.20, the two (2)
perennial streams in the permit area will be protected by butrer zones (Refer to Plate V€).
There are no impoundments of 20 acre-feet or more in the prmit area.

Underground water rbtrts described in GhapterVl, under Ulrc 784.14, shor that the
Town of Emery maintains two (2) wells dqeloped in difierent aquifers within the Ferron
Sandstone formation. These wells are used as a backup water souroe to the tflin's present
water supily srptem which relies on surfiace water ftom Muddy Creek. Ernery Town Well
No. 1 is derrelgped in ttle Lower Fenon aquifer, whicfr lbe well below current mining
activities. Well No. 2 is developed in the Middle and Upper Fenon aguifers which are
directly below and above the seam being mined. No adverse impacts to either well are
anticipated since the wells are located about 3 to 4 miles from the mine and are up gradient
within the regional ground water flow pattern. lf it is oroven that mining activities adversely
impact the Emerv Town Wells and the towns surface water svstem becomes inoperable.
Consol commits to providinq an atternative source of water. per R64ffi01-731-530. f the
town of Emery surface watersystem becomes imperable and the backup wells are needed.
Consolwill reolace the water that was adverselv impacted bv minino. Consolwill commit to
hauling water to the Emery treatment facility until the towns surface system becomes

tatic water level readings taken from wells maintained as part of the
mine's ground water monitoring program also indicate that no disruption of the aquifers in
the vicinity of the town's wells has occuned.

Underground operations at the Enrery Mine are not conducted beneath or in close
proximity to any public buifdings, including churc*res, schools, hoqritrals, court houses, and
govemment offices.

CHVW42
Revised 12107



APPENDIX V.3

1 980 Pre-subsidence Survey

lnformation in this appendix may have been superceded by the pre-subsidence surv

references to revised ore-subsidence survev dat .

Revised 5/07
Revised 10107
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APPENDIX V.5

Pre-Subsidence Survey of the
Zero North, 4h East Mains, and 6h West Panels
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CONSOLIDATION COAL COMPANY
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Consolidation Coal Company
Emery Mine

Zero N,4th E Mains, 6ft W Pre-Subsidence Survey
October 26,2007

SECTION 1

INTRODUCTION

The purpose of this report is to present baseline surface conditions prior to full extraction

operations at the Zero North, 4fr East Mains, and 6ft West Panel in the Consolidation Coal

Company (CONSOL) Emery Mine, Emery County, Utah. It is intended to be part of a

Subsidence Control Plan as required in Section R645-301-525.100 of the Utah Administrative

Code. Recording initial surface conditions will facilitate locating and mitigating any areas

determined to be adversely affected by future subsidence. As part of the pre-subsidence survey,

the locations and conditions of the following features were recorded:

. Structures (e.g. buildings, corrals, roads)

. Fences

. Utilities (e.g. power, telephone, gas, and water lines, water wells)

. Surface drainages (e.g. natural channels, irrigation ditches)

This report references the original Pre-subsidence Survey performed prior to mining

operations in 1980 (Valley Engineering, 1980). The feature numbers given in this document

correspond to those described in the 1980 report. These features were surveyed in the field in

October 2007, and any differences and/or changes from the conditions noted during the 1980

survey are noted both in the text and figures of this document. This report supercedes the Valley

Engineering survey where conflicts exist.

Earth Fax Engineering, Inc.
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2.1

CHAPTER 2

SURVEY AREA OBSERVATIONS

GENERAL AREA DESCRIPTION

This pre-subsidence survey covers approximately 142 acres, consisting of mostly

undeveloped rangeland. Approximately 9.1 acres of the surveyed areaare inigated crop land.

There are no structures located above the Zero North, 4ft East Mains, or the 6th West Panel, but a

small shed and corral is located nearby. Both of these structures are in dilapidated condition.

There are several fences in the area in various states of repair. Most of the fences consist of

barbed wire strung between posts made from natural rough cut tree limbs. Some fences use

finished lumber fence posts or metal tee-stakes. A paved road which serves as the access road

for the 4th East Portal traverses roughly west to east across the southeastern corner of the 4th East

Mains. Unimproved roads stem from the paved road to the inigated croplands in the survey

area. There are one perennial drainage and several ephemeral drainages in the survey area. The

perennial drainage is named Christiansen Wash. An overhead electrical power line traverses

through the western portions of both the 4th East Mains and 6ft West Panel. All of the features

(structures, fences, roads, drainages, utilities, etc.) located during the pre-subsidence survey are

shown on Figure 1. CONSOL has signed a County Road Repair Agreement with Emery County

to mitigate any subsidence damage to roads within the full extraction area. Similarly, CONSOL

has entered into a Power Line Repair Agreement with Pacificorp to mitigate subsidence damage

to power lines within the full extraction area.

2.2 INDIVIDUAL FEATURE DESCRIPTIONS

Each numbered feature on Figure 1 is described below. The numbers for each feature are

identical to those used in the 1980 Pre-Subsidence Survey. Refer to Section 6 for photographs.

E arth Fax Engineering, Inc.
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Feature 85. Dirt Road and Fences. This feature is essentially unchanged from how it is

described in the Valley Engineering (1980) report, which states the following: "The road is a

two-track, single lane, din road. The road surface consists of the natural sand and clay that is in

the area, and has been compacted by vehicles that travel the road. The fences in the area are

barbed wire with either natural rough cut wood posts or steel posts." The fences are in fair to

good condition.

Feature 86. Barbed Wire Fence. This feature has been updated from the Valley

Engineering (1980) report. The fence, which is constructed with rough cut timber posts, is in

dilapidated condition. Several of the posts are missing, and many of the barbed wire strands are

loose and partially buried under the ground surface.

Feature 87. Small Creek and Fence. The description of this feature has been updated

from the Valley Engineering (1980) report. The fence is constructed of rough cut timber posts

and barbed wire and is in good condition. The "small creek" was incorrectly identified in the

1980 survey. The survey area is relatively flat, dry, and contains no established stream channels.

The 1980 survey shows several irrigation ditches overlying the Zerc North Panel which drain

toward this "stream channel," which was actually an inigation outflow ditch. During the2007

survey, it was evident that many of the irrigation ditches had been allowed to fill in, including

the "stream channel" identified in the 1980 survev.

Feature 88. Small Fenced Area. The description of this feature has been updated from

the Valley Engineering (1980) report. It has fallen into disrepair since it was surveyed in 1980.

The fenced area measures approximately 25 feet by 25 feet. Many of the fence posts are no

longer straight, and the barbed wire sags. The area in the vicinity of the fence is overgrown with

vegetation.

EarthFax Engineering, Inc.
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Feature 89. Quarter Section Marker. This feature remains the same as described in the

Valley Engineering (1980) report, which states the following: "This quarter section corner

marker is in Range 6 East Township 22 South. It divides sections 22 and27. The marker is a

metal cap on a short steel pipe."

Feature 90. Ponds. The description of this feature has been updated from the Valley

Engineering (1980) report. The ponds were empty during the October 2007 survey, but four

earth berms were present that appeared capable of impounding water. The berms are

approximately 3 feet tall. Three of the berms are clustered together in a north to south

alignment, and one berm is located a few hundred feet to the northeast. A dry irrigation ditch

located west of the three clustered ponds appears to serve as a water source. A dilapidated

wooden corral and small shed is located just north of the three clustered ponds.

Feature 91. Sixteenth Section Corner Marker. This feature remains the same as

described in the Valley Engineering (1980) report, which states the following: "The marker is

located in Range 6 East Township 22 South and divides the south boundary of the southwest

quarter of Section 22between sections 22 and27. The marker is a short steel pipe, about a foot

in height, with a metal cap atthe top."

Feature 92. Fence and Dirt Road. The description of this feature has been updated from

the Valley Engineering (1980) report. This feature is in fair to poor condition. The road is rutted

and overgrown with vegetation, especially where irrigation runoff discharges from the center of

the field located to the north. The fence, which is constructed from rough cut timber and barbed

wire, is also overgrown by grasses. Many of the fence posts are no longer plumb, and many of

the barbed wire strands sag.

Feature 93. Irrigation Ditches and Farmland. The description of this feature has been

updated from the Valley Engineering (1980) report. The portion of this feature that overlies the

Earth Fax Engineering, Inc.
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6fr West Panel (it does not exist above the 4th East Mains) contains two irrigated fields with a

total of 9.1 acres of cultivated land. The northwestern field drains to the south/southeast and

receives irrigation water from a ditch running along its eastern edge. The southeastern field

drains to the south and receives irrigation water from a ditch that enters the field from the north.

Feature 96. Cattle Guard. The description of this feature has been updated from the

Valley Engineering (1980) report. The cattle guard was not present during the October 2007

suryev.

Feature 97. Dirt Road. Utility Power Line. and Fence. The description of this feature has

been updated from the Valley Engineering (1980) report. The dirt road is approximately 24 feet

wide with a surface constructed from imported, compacted gravel. The road is in very good

condition. The utility power line hangs from 30 to 40 foot tall wooden poles, and is in very good

condition. The poles appear relatively plumb. The barbed wire fence is located on the west side

of the road and has posts constructed from rough cut timbers and metal tee-stakes. The fence is

in good to excellent condition.

Feature 98. Small Creek. The description of this feature has been updated from the

Valley Engineering (1980) report. The creek is called Christiansen Wash. During the October

2007 survey, flow in the creekbed was approximately 3 feet wide. The creek flows to the

southwest and discharges into Quitchupah Creek. The creek flows under the paved access road

for the 4th East Portal via a 60-inch diameter coated comrgated steel pipe that is in very good

condition.

Feature 103. Farm Land. Corrals. Ponds. and Fences. The description of this feature has

been updated from the Valley Engineering (1980) report. Most of this feature lies just outside

the boundaries of the 4th East Mains and 6ft West Panel. However, a fenced and gated hay

storage area is located just to the northwest of the 6th West Panel. The fence and gate are in good
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condition. An unimproved dirt road (good condition) leads from the gravel road up to the hay

storage af,ea.

Fea[re 122. Irrisation Ditch. This feature was mapped but not enunerated in the Valley

Engineering (1980) report. It consists of an irrigation ditch that conveys water from north to

south along the west side of the road described in Feature 97, and then along the northwest edge

of an irrigated field adjacent to the road. The dirch is approximately six inches deep and is in fair

to good condition. Survey coordinates associated with this ditch are provided in Table l.

Featwe 123. Rernnant lrrieation Ditch Segment. This feature was mapped but not

enumerated in the Valley Engineering (1980) report. It consists of a segment of an irrigation

ditch that has been allowed to fall into disrepair. The ditch contains a section of irrigation

piping, and both the dirch and the piping have mostly filled in with sediment. Both the inflow

and outflowto and from this ditch segment me completely filled in. Survey coordinates

associated with this ditch are provided in Table l.

6 EarthFox Engineering, Inc.
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SECTION 3

CONCLUSIONS

This report summarizes pre-subsidence surface conditions for the Zero North, 4th East

Mains, and 6ft West Panel at the Consolidation Coal Emery Mine, Emery County, Utah. Surface

features were inspected and surveyed in October 2007 prior to full extraction. Although the

damage due to subsidence is generally expected to be limited, the greatest potential for adverse

effects would likely be disturbances to surface drainages, roads, and utilities. By detailing pre-

subsidence conditions in this report, it will be easier to both identiff and mitigate negative

impacts caused by future subsidence.
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APPENDIX V.5 TABLE I
PRE.SUBSIDENCE SURVEY POINTS

2396
2397
2398
2399
2400
2401
2402
2403
2404
2405
2406
2407
2408
2409
2410
2411
2412
2413
2414
2415
2416
2417
2418
2419
2420
2421
2422
2423

6082.50
6082.89
6082.78
6081.41
6081.36
6080.68
6081.23
6080.22
6078.78
6079.57
6079.41
6077.64
6076.91
6077.87
6077.79
6076.79
6076.64
6077.09
6076.62
6076.45
6076.26
6076.00
6076.61
6076.72
6075.67
6075.41
6076.10
6075.88

6761 976.90
6761974.49
6761980.54
6761856.53
6761852.89
6761779.28
6761782.51
6761781.89
6761638.45
6761635.76
6761640.83
6761536.82
6761453.17
6761457.19
6761449.30
6761439.97
6761430.84
6761443.40
6761424.03
6761403.48
676'1362.43
6761327.87
6761326.19
6761331.07
6761292.31
6761244.65
6761247.50
6761244.24

1719173.57
1719175.11
1719170.76
1718967.99
1718960.91
1718835.78
1718834.00
1718834.03
1718586.68
1718587,99
1718585.23
1718406.74
1718261.78
1718260.43
171 8263.66
1718244.s4
1718235.06
1718235.13
1718224,69
1718212.55
1718189.04
1718146.94
1718149.5'l
1718146.59
1718100.36
1718038.47
1 71 8036.37
1718041.63

FL
TOP
TOP
FL 1FT PIPE
FL 1FT PIPE
TOP
TOP
FL
FL
TOP
TOP
FL
FL
TOP
TOP
FL
FL IN FENCE
FENCE
FL
FL
FL
FL
TOP
TOP
FL
FL
TOP
TOP

6762685.78
6762685.58
6762685.37
6762385.88
6762410.99
6762413.25
6762408.28
6762425.85
6762500.87
6762500.48
6762502.14
6762634.23
6762634.01
6762633.97
6762707.04
6762726.72
6762742.54
6762810.70
6762812.08
6762808.55
6762842.84
6762859.92
6762858.75
6762862.19
6762883.57
6762902.25
6762946.86

1 71 3631.1 9
1713629.69
1713632.98
1713559.51
1713608.76
1713607.91
1713610 .29
1713622.20
1713621.94
1713624.74
1713618.88
1713623.61
1713619.52
1713622.22
1713617.6s
1713613.12
1713607.26
1713567.44
1713569.49
1713564.02
1713549.73
1713541.17
1713537.41
1713543.63
1713529.31
1713521.79
1713529.75

6125.69
6126.86
6126.54
6123.44
6123.96
6124.64
6124.58
6124.68
612s.63
6126.63
6126.24
6126.86
6127.23
6126.30
6126.53
6126.54
6126.72
6126.99
6127.76
6127.60
6127.21
6127.11
6128.29
6128.47
6127.30
6127.37
6127.49

FL
TOP
TOP
FL DAY
FL
TOP
TOP
FL
FL
TOP
TOP
TOP
TOP
FL
FL
FL
FL
FL
TOP
TOP
FL
FL
TOP
TOP
FL CVRT
FL 1FT CVRT
FUFNC

2441
2442
2443
2446
2447
2448
2449
24s0
2451
2452
2453
2454
2455
2456
2457
2458
2459
2460
2461
2462
2463
2464
2465
2466
2467
2468
2469



Consolidation Coal Company
Emery Mine

Zero N,4fr E Mains,66 W Pre-Subsidence Survey
October 26,2007

SITE PHOTOGRAPHS

EarthFax Engineering, Inc.



Consolidation Coal Company
Emerv Mine

Zero N,4'h E Mains,6fr W Pre-Subsidence Survey
October 26.2007

Corners of Sections 22,23,26, and27. Lookins west at the ground surface above the Zero
North Panel. USGS bench marker is visible where fences intersect. Note that the fence is
constructed of unfinished timbers and is in fair condition.

View looking south near the center of the Zero North Panel. The ground surface is relatively
flat, and is not currently used for crop production.

l l EarthFax Engineering, Inc.
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Looking east. Fence is constructed from rough cut timbers
is an unsurfaced two track road and is in good condition.

Feature 86. Barbed Wire Fence. Looking west at the fence that extends to the north from the
point labeled Feature 86 on Appendix V-5 Figure 1. The fence is missing several of its rough cut
timber posts, and is in poor condition.

t2 EarthFax Engineering, Inc.
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Feature 86. Barbed Wire Fence. Looking south along the fence that extends to the north from
the point labeled Feature 86 on Appendix V-5 Figure 1.

Features 86,87. Barbed Wire Fence, Small Creek and Fence.
constructed from rough cut timbers and is in good condition.
1980 survey was not present in2007.

Looking southwest. Fence is
The small creek identified in the

l 3 EarthFax Engineering, Inc.
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Paved Access Road to 4th East Portal. Looking southeast along road. The 4fr East Portal is
visible in the distance.

4th East Mains South of Paved Access Road. Looking South. Note Christiansen Wash on far
right of photo. The land surface is undeveloped.

Earth Fax Engineering, Inc.
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Feature 88. Small Fenced Area. Looking east.

Feature 89. Quarter Section Comer Marker.
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Feature 90. Ponds. Looking southeast at southem pond.

Feature 90. Ponds. Looking southeast at central pond.
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Feature 90. Ponds. Looking southeast at northem pond.

Feature 90. Ponds. Looking southeast at northeastern pond.
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Feature 90. Ponds. Looking north at a nearby dilapidated corral and small Shed.

Feature 90. Ponds. Looking west at a nearby small Shed.
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Feature 92. Fence and Dirt Road. Looking east. Note that road and fence are overgrown and in
fair to poor condition.

Feature 93. Irrigation Ditches and Famland. Looking south at the northern field.

I9 Earth Fax Engineering, Inc.
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Feature 93. Irrigation Ditches and Farmland. Looking south at the southern field.

Feature 97. Dirt Road, Utility Power Line, and Fence. Looking north from a point just north of
where the dirt road crosses Christiansen Wash.
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Feature 97. Dirt Road, Utility Power Line, and Fence. Looking north. Note that Feature 103 is
visible in the distance.

Feature 97. Dirt Road, Utility Power Line, and Fence. Looking west at fence and power line.
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Feature 97. Dirt Road, Utility Power Line, and Fence. Looking south from road junction in
Panel 6W. The 4ft East Portal is visible in the distance.

Feature 98. Small Creek. Looking south from where the creek intersects the graded gravel road.
Note the embankment for the paved access road for the 4th East Portal along the horizon. This
small creek is called Christiansen Wash. During the October 2007 survey, the stream was
flowing about 3 feet across.
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Feature 98. Small Creek. Looking south at the 60-inch diameter coated comrgated metal pipe
that conveys Christiansen Wash under the paved access road for the 4fr East Portal.

Feature 103. Farm Land, Corrals, Ponds, and Fences. Looking west at ahay storage area.
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Feature 122. lrrigation Ditch. Looking southwest where the ditch curves from running along the
gravel road toward the inigated field located west of the road. Vegetation is growing in the

Feature 123. Remnant Irrigation Ditch Segment. Looking southwest from the northeast portion
of Zero North Panel. Note the partially buried piping in the foreground. It is in dilapidated
condition.

ditch, which is located on the right side of the
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CHAPTER VI
HYDROLOGY

VI.1 INTRODUCTION

V1.1.1 General Requirements

This chapter presents a description of:

. Existing hydrologic resources within the permit and adjacent areas;

. Mine operations and the potential impacts of these operations to the hydrologic balance;
o Methods of complying with design criteria;
. Applicable hydrologic performance standards; and
. Hydrologic reclamation plans for the Emery Mine.

Vl.1.2 Certification

All maps, plans, and cross sections presented in this chapter have been certified by a
qualified, registered professional engineer.

V|.1.3 Inspection

lmpoundments associated with the mining and reclamation operations will be inspected as
described in Section 5.1.4.3 of this MRP.

VI.2 ENVIRONMENTAL DESCRIPTION

V1.2.1 General Requirements

This section presents a description of hydrologic resources within the permit and adjacent
areas that may be affected or impacted by the coal mining and reclamation operations at the
Emery Mine.

V1.2.2 Cross Sections and Maps

V1.2.2.1 Location and Extent of Subsurface Water

A generalized hydrostratigraphic cross section of the permit and adjacent areas is
presented in Figure Vl-1. Thin deposits of Quaternary alluvium overlie some of the areas but are
not shown on Figure Vl-1 due to the scale. Estimates of recharge and discharge noted on this
figure are from Lines and Morrissey (1983) based on data collected and groundwater modeling
conducted in the late 1970s and early 1980s. Actual rates are probably different now than when
those earlier estimates were developed.

The Ferron Sandstone Member of the Mancos Shale (in which the coal occurs that is
extracted from the Emery Mine) is overlain by the Blue Gate and underlain by the Tununk
Members of the Mancos Shale. Both the Blue Gate and the Tununk are relatively impermeable
shales that bound the more permeable Ferron Sandstone. For the purpose of this MRP, the
portion of the Ferron Sandstone including the "1" coal zone and above is called the upper Ferron
Sandstone and is designated by the symbol Kmf(u). The portion laying stratigraphically
between the base of the "1" zone and the base of the "A" coal zone is referred to herein as the
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middle Ferron Sandstone and designated by the symbol Kmf(m). The remaining portion of the
Ferron Sandstone lying below the base of the ?" zone is called the lower Ferron Sandstone
and designated by the symbol Kmf(l). This partitioning of the Ferron Sandstone is consistent
with that of Lines and Morrissey (1983).

The uppermost continuous aquifer beneath the permit and adjacent areas occurs within
the Ferron Sandstone. Potentiometric surface maps of this aquifer are presented in Plates Vl-1
and Vl-2 for the upper and lower Ferron Sandstone, respectively. Plate Vl-1 presents data for
1979 while Plate Vl-2 portrays conditions in 1985 (the earliest periods of relatively complete data
in each zone).

Water rights associated with groundwater within 1 mile of the permit boundary are shown
on Plate Vl-3. Information concerning these water rights is contained in Appendix Vl4 and
summarized in Table Vl-1. Seasonal variations in water levels are discussed in SectionVl.2.4.1.
These fluctuations are not sufficient to result in substantial changes to the potentiometric surface
maps (Plates Vl-1 and Vl-2) or the hydrostratigraphic cross section (Figure Vl-1).

V1.2.2.2 Location of Surface Water Bodies

The location of surface water bodies for which water rights have been obtained within the
permit and adjacent areas is provided on Plate Vl-3. lnformation concerning these rights is
provided in Appendix Vl-4 and summarized in Table Vl-1. Other water bodies in the area are
noted on the base map that comprises Plate Vl-3,

V1.2.2.3 Locations of Monitoring Stations

Surface water and groundwater monitoring stations associated with the Emery Mine are
shown on Plate Vl-4. Approximate surface elevations of the monitoring stations are indicated by
the topographic lines on Plate Vl4.

V1.2.2.4 Location and Depth of Water Wells

Water-supply wells and groundwater monitoring wells in the permit and adjacent areas are
shown on Plate Vl-4. Depths of these wells and other completion details are summarized in Table
vt-2.

V4.2.2.5 S u rface Topog raphy

Surface topographic features in the permit and adjacent areas are shown on the base
maps used for many of the plates in this submittal.

V1.2.3 Sampling and Analysis

All water samples collected under this MRP have been analyzed according to methods in
either the "Standard Methods for the Examination of Water and Wastewater" or 40 CFR parts 136
and 434. Where feasible, these same references have been used as the basis for sample
collection.
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V1.2.4 Baseline I nformation

Surface and groundwater resource information is presented in this section to assist in
understanding hydrologic conditions in the mine area. This information provides a basis for
determining if mining operations have had, or can be expected to have, a significant impact on the
hydrologic balance of the area.

V1.2.4.1 Grou ndwater lnformation

This section presents a discussion of baseline groundwater conditions in the permit and
adjacent areas. The locations of wells and springs in the area are presented on Plates Vl-3 and
Vl4. Lithologic and completion logs for monitoring wells in the permit and adjacent areas are
provided in Appendix Vl-2.

Geologic conditions in the permit and adjacent areas are described in Volume V of this
MRP. Groundwater in the permit and adjacent areas occurs predominantly in the Ferron
Sandstone. However, perched aquifers of limited arealextent are present in overlying materials.
Hydrogeologic conditions within the permit and adjacent areas are summarized below.

Quaternary Deposits (Qall

Discontinuous, shallow perched zones are contained within Quaternary alluvial, mud
and slope wash, and pediment deposits scattered throughout the Emery area (see Plate Vl-S).
These Quaternary deposits are generally less than 50 feet thick, with boundaries defined by the
contact with the underlying Blue Gate Member of the Mancos Shale.

Recharge to Quaternary alluvialdeposifs in the area occurs primarily by streamflow
seepage along adjacent water courses. During the spring and summer months, much of this
water consists of irrigation return flow. Groundwater discharges from these Quaternary alluvial
deposits primarily via evapotranspiration and horizontal, subsurface outflow to topographically
lower areas. Given the relatively impermeable nature of the underlying Blue Gate Member, it is
assumed that only minor quantities of alluvial groundwater discharge to the adjacent bedrock.

Most recharge to the Quaternary mud and slope wash and pediment deposifs occurs via
seepage of irrigation water applied to adjacent land. This water, which in the Emery area is
diverted predominantly from Muddy Creek, is either evapotranspired or moves horizontally
through these deposits and then discharges to the surface at the underlying contact with the
relatively impervioug Blue Gate Member. Several seepage points representing irrigation return
flow from this subsgrface mud and slope wash/pediment water are noted on Plate Vl-S
(specifically SP-1 tfrrough SP-14). Water flowing from some of these seeps becomes trapped
in swales which, coupled with the high salinity of the Blue Gate, creates areas of salt
accumulation.

Consol conducted an inventory of seepage points within one mile of the permit area on
October 24, 1979, and again on June 11, 1980. Each point was evaluated in the field for its
geologic setting, and field data were collected to define the temperature, pH, specific
conductance, dissolved oxygen, and discharge (where possible) of the seepage.

Within the study area, 16 seepage points were identified in 1979-1980. Locations and
field measurements for each of the points are exhibited on Plate Vl-S and Table Vl-3,
respectively. All but two of the seepage points were observed to be issuing from pediment
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gravels overlying the Bluegate Shale. This seepage originates from infiltrating irrigation water
used for farming south of Emery on the weathered pediment gravels. The remaining two
springs (SP-15 and SP-16, located east of the permit area) issue from the Ferron Sandstone
and are discussed in a subsequent section of this document.

The specific conductance of the seepage water ranged from 658 to 2015 and averaged
1 155 umhos/cm at 25oC. The pH ranged from 6.3 to 8.3 with an average of 7.6. Although
discharge at most of the seepage sites could not be measured because of the diffuse nature of
the discharge and/or vegetative overgrowth, flows were typically less than 10 gpm. The
dissolved oxygen of the seepage water is more indicative of a near-surface source and is much
higher than would be expected for a natural groundwater source. This observation, coupled
with the fact that all seepage appeared to be issuing from the pediment gravels adjacent to
irrigated fields, indicates that none of these seepage points would likely exist if not for the
adjacent irrigation (i.e., all are considered to have an anthropomorphic source).

Ten monitoring wells were completed in Quaternary deposits in 1982. Wells RDA 1
through 6 were drilled in the Quitchupah Creek drainage and welfs SM1-1 through 4were drilled
in the Christiansen Wash drainage. Water-level measurements collected from these wells are
summarized in Figure Vl-2 and presented in their entirety in Appendix Vl-10. No consistent
seasonal or long-term variations in water levels are evident in the alluvial monitoring wells.
Given the relatively thin nature of the Quaternary deposits in the area, differences in water-level
elevations between wells are primarily a function of the ground elevation at the well locations.

A summary of water quality data collected from the Quaternary monitoring wells,
together with a limited number of samples from springs, is provided in Table Vl-4, with
individual sample results presented in Appendix Vl-1. The pH of this water tends to be
moderately alkaline, averaging 7.3 to 7 .7 (tield and laboratory measurements, respectively).
Totaldissolved solids ('TDS') concentrations averaged about 16,600 mg/l and varied by
approximately two orders of magnitude (from 940 to nearly 93,000 mg/l) during the period of
record (1982 through the present).

TDS concentrations in Quaternary deposits tend to be highest at monitoring wells RDA-
5, RDA-6, SM1-1, and SM1-3, being approximately an order of magnitude higher at these wells
than the other'RDA" and "SM1" wells. Figure Vl-3 indicates that no consistent trends in TDS
concentrations are apparent between these high-TDS wells. These trends can also not be
correlated with nearby mining activities. Trends at the "RDA" wells (generally decreasing at
RDA-S and generally increasing at RDA-6) suggest wide variations over relatively short
distances, especially considering the lower TDS concentrations in the other nearby'RDA" wells.
The cause of these variations is uncertain. Wells SM1-1 and SM1-3 are completed in areas

where subsurface irrigation seepage accumulates, concentrating salts from the overlying soil
and the underlying Blue Gate Member, suggesting a source for the elevated TDS
concentrations relative to the other "SMl" wells. However, it is uncertain why TDS
concentrations show no consistent trend between wells SM1-1 and SM1-3.

Groundwater in Quaternary deposits is generally categorized as a sodium sulfate type.
This characterization exhibits the influence of the underlying gypsiferous Blue Gate Member of
the Mancos Shale. Dissolved iron and manganese concentrations in the Quaternary deposits
have averaged approximately 3.6 and 0.9 mg/l, respectively, during the period of record.

v1-4



Blue Gate Member of the Mancos Shale (Kmbl

In the vicinity of the Emery Mine, the Blue Gate consists of massive gray shales with
minor intercalated, fine-grained sandstones and thin carbonaceous layers. Several monitoring
wells, installed by Consol and the USGS, are completed totally or partially in this zone.

Water-level data collected from the Blue Gate monitoring wells are provided in Appendix
Vf-10 and summarized in Figure Vl-4. No consistent seasonalvariations in water levels occur
in this unit. Long-term water-level declines are apparent in the Blue Gate at monitoring wells l,
R2, and (to a lesser degree) AA. A comparison of Figure Vl-4 with information presented on
Plate Vl-6 indicates that the timing of water-level declines at these wells is not related to mining
in nearby areas. The fact that declines are not consistent over the entire area suggests that
they are also not climate related. Thus, water-level declines at wells AA, l, and R2 are
presumably the result of local changes in irrigation patterns.

Historically, water-quality data have been collected from only one monitoring well
completed in the Blue Gate Member within the permit area (well T1-BG - see Table Vl-S and
Appendix Vl-1). These data indicate that groundwater in the Blue Gate Member has a near-
neutral pH with a high salinity (TDS concentrations in the general range of 15,000 to 24,000
mg/L). Dissolved iron and manganese concentrations in the Blue Gate are typically less than 1
mg/|.

The predominant ions in groundwater within the Blue Gate Member are sodium and
sulfate, which is indicative of the gypsiferous nature of the formation. The generally saline
nature of the Blue Gate Member is also evident from alkali deposits that occur throughout the
Emery area.

Ferron Sandsfone Member of the Mancos Shale (Kmfl

Groundwater within the Emery Mine permit and adjacent areas occurs primarily in the
Ferron Sandstone Member of the Mancos Shale, the unit that also contains the coal that is
extracted from the Emery Mine. The Ferron Sandstone is bounded above by the Blue Gate
Member and below by the Tununk Member of the Mancos Shale.

Aq u ifer Ch a racteri stics:

Aquifer pumping tests have been conducted in the Ferron Sandstone in the permit and
adjacent areas by the U.S. Geological Survey (see Lines and Morrissey, 1983) and Consol (see
Appendix Vl-3). The results of these pumping tests are summarized in Table Vl-6. As
indicated, the average transmissivity of the Ferron Sandstone in the permit and adjacent areas
is 230 ft2lday, varying by more than two orders of magnitude from 5 to 800 ftzlday. The limited
amount of data summarized in Table Vl-6 suggests that the transmissivity of the upper Ferron
Sandstone is about one-tenth that of the lower Ferron Sandstone (averages of 60 ft2lday vs.
540 ft2lday, respectively). However, insufficient data exist to draw definitive conclusions from
these numbers.

White et al. (2005) concluded, from calibration of a regional groundwater model, that the
permeability of aquifers in the Colorado Plateau of Utah is about four orders of magnitude
higher than that of aquicludes in the region. Assuming an approximate thickness of 400 feet for
the entire Ferron Sandstone (based on a review of Plate V-20), the average hydraulic
conductivity of the Ferron Sandstone as a whole in the Emery area would be approximately 0.5
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fVday (230 ft'ldaty divided by 400 ft). This would suggest that the hydraulic con_ductivity of the
overlying Blue Gate and underlying Tununk Members in the area is about 5x10-5 ftlday, based
on the calibration results of White et al. (2005).

Lines and Morrissey (1983) indicate that the transmissivity of the Ferron Sandstone
generally increases to the northwest as the unit thickens. According to Table Vl-6, the average
storage coefficient of the Ferron Sandstone in the area is 1.3x10-3, varying by about one order
of magnitude across the area.

Groundwater Recharge, Flow, and Fluctuations:

According to Lines and Morrissey (1983), recharge to groundwater in the Ferron
Sandstone within the permit and adjacent areas occurs primarily along the Joe's
Valley-Paradise fault zone, with this water originating as precipitation at higher-elevations along
the Wasatch Plateau to the west. Lines and Morrissey (1983) estimated that recharge to the
Ferron Sandstone aquifer is about 2.4 cfs along the Joe's Valley-Paradise fault zone east of the
Emery Mine. Direct recharge from precipitation and from overlying and underlying formations is
considered minimal, given the relatively impermeable nature of the Blue Gate and Tununk
Members and the limited precipitation that falls on the valley floor (see Figure Vl-1).

Potentiometric surface maps of the upper and lower Ferron Sandstone are provided in
Plates Vl-1 and Vl-Zfor 1979 and 1985, respectively (the earliest years with relatively complete
data sets). A comparison of these maps with data provided by Doelling (2004) indicates that
groundwater moves generally updip and in a southeast direction through the permit area.
Throughout most of the region, groundwater in the Ferron Sandstone west of the mine has
historically been under sufficient artesian pressure to flow at the ground surface.

Plates Vl-7 and Vl-8 present the potentiometric surface of the upper and lower Ferron
Sandstone, respectively, in 2006. With coal being extracted from the upper Ferron Sandstone,
Plate Vl-7 shows the etfects of discharging water that is encountered during mining operations.
Mining has not affected the potentiometric surface of the lower Ferron Sandstone to the same
degree as the upper Ferron Sandstone.

Figures Vl-5 through Vl-7 present hydrographs of water-level data collected from the
upper, middle, and lower Ferron Sandstone, respectively. As indicated in Figure Vl-5, several
wells completed in the upper Ferron Sandstone have exhibited substantialwater-leveldeclines
due to mining activities. For instance, the Bryant and Lewis wells experienced approximately
250 to 300 feet of drawdown beginning in the late 1970s/early 1980s. Water levels have
remained relatively constant at these locations since that time. Although these wells are
located a mile or more upgradient from areas where mining was occurring at the time,
dewatering of the mine is the presumed cause of this drawdown. Consol has furnished and
installed pumps and ancillary facilities at these private wells to augment water that formerly
flowed at the surface.

Approximately 300 feet of drawdown occurred at well R2 in the upper Ferron Sandstone
through the 1980s, after which the water level at this location has remained relatively constant.
Similarly, well TP experienced approximately 300 feet of drawdown in the upper Ferron
Sandstone during the 1980s and early 1990s, with relatively constant water levels since that
time (see Figure Vl-5). These declines all occurred presumably as a result of nearby mining
activities. Water levels at well T2 declined by 200 to 300 feet in the upper Ferron Sandstone
during the 1980s, with wide fluctuations of 100 to 200 feet (both positive and negative) at this
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location since 2004. Although additional mining near this location may have caused some of
these fluctuations, the relative stability of water levels at the adjacent well TP during this period
of time imply that data collection errors may have been the source of some of the recent
apparent fluctuations.

According to Figure Vl-5, wells AA, Muddy #2, and USGS1-2 in the upper Ferron
Sandstone experienced approximately 50 feet of drawdown in the late 1970s and early 1980s,
presumably as a result of mining in nearby areas (see well locations on Plate Vl4). Water
levels in these wells have remained relatively constant since then, even though (in the case of
Muddy #2 and USGS1-2) additional mining occurred beneath these locations 10 to 20 years
later.

Water levels in the upper Ferron Sandstone have remained relatively constant at wells
H, 12, and Muddy #1 throughout the period of record (see Figure V1-5). These wells are located
at similar or closer distances to mined areas than other wells where water-level declines have
occurred. The reason for the lack of anticipated water-level response at these locations is
unknown.

Selected wells completed in the middle Ferron Sandstone have also shown water level
declines through the period of record (see Figure Vl-6). Wells AA and I experienced about 80
to 100 feet of drawdown in the 1980s. Water levels in the middle Ferron Sandstone have
remained relatively unchanged at wellAA since that time, but declined an additional 150 feet at
well I in the fourth quarter of 2005 after a several-year period of relative stability. Well AA is
located near an area where mining occurred in the late 1970s and early 1980s, suggesting that
this mining activity resulted in the drawdown noted in this well. Well I is located near an area
where mining occurred in the early to mid 1980s, with additional mining occurring directly
beneath this well in 2004 and 2005. The response of water levels in the middle Ferron
Sandstone at well I is indicative of the two phases of mining in the area.

At well R2, the middle Ferron Sandstone experienced a decline of approximately 500
feet in the late 1980s (see Figure Vl-6). This decline likely occurred from mining in the
immediate area during that time frame (see Plate Vl-6).

Water levels in well H monitoring the middle Ferron Sandstone dropped over 300 feet in
the late 1980s. The reason for this response is unknown, since similar declines did not occur at
well H in the upper Ferron Sandstone (compare Figures Vl-S and Vl-6). Underground
observations near the area of this well did not indicate any unusual water inflow into the mine
nor do discharge records from the mine dewatering system substantiate any sustained increase
in water volume entering the mine as would be expected to affect such a sharp decline in water
levels. lt is possible that the integrity of welf H in the middle Ferron Sandstone has been
compromised. Field investigations with a water level probe indicate that this well is at least
partially blocked above its completion zones. Except at well H, responses of nested wells
completed in the upper and middle Ferron Sandstone were essentially similar, suggesting a
hydraulic connection between these two intervals.

Water level records of wells M, l, WW1 , and ZZ completed in the lower Ferron
Sandstone show no apparent declines during the period of record. Each of these wells is
located in the south or east (i.e., downgradient) portion of the permit area. These data suggest
hydraulic separation of the upper/middle and lower Ferron Sandstone in the areas of these
wells. However, water-level declines have occurred at the Kemmerer well and wells H and R1
completed in the lower Ferron Sandstone (all located in the north or west portion of the permit
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and adjacent areas). A decline of about 170 feet occurred at well R1 in the late 198Os/early
1990s when mining was active immediately east of that location. Water levels since that time
have been relatively stable at wefl R1. Declines at the Kemmerer well and well H have been
more gradual, with a decrease in head of about 40 feet at the Kemmerer well throughout the
period of record, and about 70 feet of decline at well H throughout the 1980s and 1990s. These
latter two wells are more remote from mining activities than well R1. These data indicate that
the potentiometric surface of the lower Ferron Sandstone in upgradient areas is more affected
by mining activities than in downgradient areas.

G roundwater Discharge :

The USGS used a three-dimensional finite-difference computer model of the Ferron
Sandstone to simulate groundwater flow in the vicinity of the Emery Mine (Lines and Morrissey,
1983). The modelwas calibrated in a steady-state simulation using water levels and
discharges from the aquifer that were measured during 1979. Discharge estimates resulting
from that calibration effort are noted on Figure Vl-1. The precise recharge and discharge rates
noted on Figure Vl-1 have probably changed since the work of Lines and Morrissey (1983).

Based on estimates provided in Figure Vl-1, the most significant discharges from the
Ferron sandstone aquifer in the permit and adjacent areas have historically been leakage to the
Blue Gate Member, discharge from the Emery Mine, leakage to streams, and extractions from
wells. The largest man-made discharge from the Ferron Sandstone is discharge from the mine.

ln a study of the Emery Mine area, Lines (1987) found that "prior to mining, the vertical
component of flow was upward from the Ferron into the Blue Gate Member. As mining
progressed, ground-water flow was directed toward the mine workings, and much of the aquifer
and other rocks above the mined coal bed were dewatered. The steady-state pattern of
[predominantly horizontal] flow . . . probably would not develop unless mining ceased and
dewatering of the mine continued for several years." These conditions are depicted in Figure
Vl-8. With this in mind, the declines in water levels in the upper Ferron Sandstone suggest that
upward leakage from the Ferron Sandstone to the Blue Gate Member is probably minimal over
areas where mining has occurred.

Groundwater from the Ferron Sandstone flows into the mine and is discharged via
pumps to holding ponds and thence to Quitchupah Creek. These discharges are regulated
under permits issued by the Utah Division of Water Quality through the Utah Pollutant
Elimination Discharge System ('UPDES"). The average discharge from the Emery Mine during
the period of 1979 through 2005 is shown in Figure Vl-9 and Table Vl-7. The data contained in
Table Yl-7 are summarized in three periods: a period of active mining from 1979 through 1990,
a period of temporary shutdown from 1991 through 2001 , and an additional period of active
mining since 2001. As indicated, the average discharge from the mine during the period of
1979 through 1990 was 0.93 cfs. During the temporary shutdown from 1991 through 2001,
Consol pumped water from the mine at an average rate of 1.03 cfs to maintain accessible
conditions. Following the restart of mining in 2002, discharge from the mine has averaged 0.63
cfs. Since 2002, additional mining equipment has been added to the operation. Thus, the
difference in discharge between the period of temporary shut down and the period since 2002 is
likely attributable to increased in-mine water usage.

Discharge to alluvium is presumed to occur from the Ferron Sandstone at various
locations within the general mine area. Lines and Morrissey (1983) simulated groundwater
discharge to alluvium along Muddy Creek, lvie Creek, Christiansen Wash, and Quitchupah
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Creek within the permit and adjacent areas. They estimated from this simulation that
groundwater discharges at a rate of about 0.4 cfs from the Ferron Sandstone to alluvium. As
indicated above, discharges from the Emery Mine have averaged 50 to 150% higher than this
value, with this water all eventually discharging to Quitchupah Creek. Thus, although discharge
in permit-area streams may be locally affected, the net effect of mine-water discharges is an
increase in groundwater discharge to locaf streams above that experienced historically.

Within the general mine area, well discharges from the Ferron sandstone aquifer include
the Emery municipalwell (approximately 90 gpm) and the Bryant and Lewis wells
(approximately 30 gpm each). The Bryant and Lewis wells have been affected by underground
mining in that they no longer flow at the land surface. Consol has furnished and installed
pumps and surface ancillary facilities in order to replace these water supplies. No further effect
to these wells is anticipated from present mining operations, given the relative stability of water
levels at these locations noted in Figure Vl-5 and the fact that future mining is not currently
anticipated in the western portion of the permit area near these wells. Given the distance of the
Emery municipalwellfrom the permit area, no impacts are anticipated from mining activities on
this well.

Two springs are known to discharge from the Ferron Sandstone within the general mine
area (see Plate Vl-S), Spring SP-15 appears to discharge from the upper Ferron Sandstone
and is appropriated for 0.1 cfs by Consol for stock watering purposes. Spring SP-16 appears to
discharge from the fower Ferron sandstone and is unappropriated. The USGS measured the
discharge of this spring in 1979 and found it to be issuing at 5 gpm.

Groundwater Quality:

A summary of water-quality analyses for groundwater samples (wells, springs and mine
inflow) collected from the Ferron Sandstone in the permit and adjacent areas is presented in
Table Vl-8. Individual sample results are presented in Appendix Vl-1. Groundwater-quality
samples have historically been collected in the permit and adjacent areas from four wells
completed in the upper Ferron Sandstone (the Bryant well, the Lewis well, and monitoring wells
TP and USGS1 -2), one spring issuing from the upper Ferron Sandstone (SP-15), two wells
completed in the lower Ferron Sandstone (the Kemmerer well and monitoring well ZZ), and one
well completed in both the upper and middle Ferron Sandstone (EMR|A2). The locations of these
wells are noted on Plate Vl-4.

The pH of groundwater in the Ferron Sandstone tends to be moderately alkaline,
averaging 7.9 in the upper Ferron and 8.2 in the lower Ferron. Although only two groundwater
samples from the Ferron Sandstone have been analyzed for acidity, several have been analyzed
for alkalinity. These data indicate that the alkalinity of groundwater in the Ferron Sandstone
exceeds the acidity by a factor of more than 5. Coupled with the alkaline pH, these data indicate
that no substantial risk exists for acidic groundwater to be discharged from the Emery Mine.

The TDS concentration of water in the upper Ferron Sandstone is substantially lower than
that of the overlying Quaternary deposits and Blue Gate Member, averaging approximately 1,600
mg/l in the upper Ferron and 690 mg/l in the lower Ferron. In the upper Ferron Sandstone, TDS
concentrations tend to increase in the downgradient direction (from west to east), thus indicating
the influence of recharging by fresher water from the Wasatch Plateau and natural leaching of
salts as groundwater flows downgradient within the Ferron. Lines and Morrissey (1983) indicate
that similar spatial variations in TDS concentrations occur in the lower Ferron Sandstone.
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Temporalvariations in TDS concentrations in the upper Ferron Sandstone are portrayed in
Figure Vl-10. The increase in TDS concentration at well USGS1-2 in mid 1989 occurred
coincident with nearby mining activities (see Plate Vl-6). Mine-related fractures in the overlying
rock may have increased the hydraulic connection between the Ferron Sandstone and the more
saline Bfue Gate Member at this location, thereby locafly increasing the TDS concentration of the
upper Ferron Sandstone. However, similar changes are not evident at well TP, below which
mining occurred in 1986. Hence, the effects of mining on TDS concentrations are likely localized.

Groundwater in the upper Ferron Sandstone tends to be a sodium sulfate type, while that
in the lower Ferron is a sodium sulfate/bicarbonate type. The indicated differences in TDS
concentrations and general chemistry, coupled with differences in water-level responses to mining
(as discussed above), suggest at least some hydraulic separation between the upper and lower
Ferron Sandstone.

V 1.2.4.2 S u rface Water I nformation

Streamflow

The Emery Mine is situated at the confluence of Quitchupah Creek and its tributary,
Christiansen Wash. Quitchupah Creek is tributary to lvie Creek which in turn is a tributary of
Muddy Creek. Muddy Creek empties into the Dirty Devil River which flows into the upper
Colorado River.

Quitchupah Creek is a perennial stream whose headwaters in the eastern flank of the
Wasatch Plateau are primarily sustained by snowmelt. Christiansen Wash, also a perennial
stream, originates at lower elevation in the Wasatch Plateau north-northwest of the permit area.
Given its lower elevation, Christiansen Wash receives less influence from snowmelt than
Quitchupah Creek.

Both Quitchupah Creek and Christiansen Wash receive additionalflow in the vicinity of
the mine from several sources unrelated to the Emery Mine, including:

. Direct irrigation return flow consisting of water whose source is primarily Muddy Creek;

. lrrigation-induced seepage from Quaternary pediment deposits;
o Groundwater discharging from the Ferron Sandstone;
. Water discharged from the Emery Mine; and
. Localized overland flow from storm events.

Quitchupah Creek also receives mine-water discharged from the SUFCO Mine at a point
approximately 10 mile northeast (upstream) from the Emery Mine permit area. This discharge
represents a substantial quantity of relatively high-quality water.

The assortment of influences affecting both Quitchupah Creek and Christiansen Wash
creates considerable fluctuations in both streamflow and water quality. Streamflow data have
been collected at least occasionally from the permit and adjacent areas at multiple locations as
indicated on Plate Vl-9. The U.S. Geological Survey maintained a stream gaging station on
Quitchupah Creek, immediately above its confluence with Christiansen Wash (site S-24 on
Plate Vl-9) from July 1978 through September 1981 (see Appendix Vl-11). Average monthly
flow at this location during the period of record varied from 2.6 cubic feet per second ("cfs") in
August and October to 17 cfs in May. Approximately half of this flow occurred in the months of
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March through June, presumably as a result of snowmelt runoff. A substantial amount of flow
also occurred, on average, in September, probably from thunderstorm activity.

The USGS also maintained a stream gaging station on Christiansen Wash, immediately
above its confluence with Quitchupah Creek (site S-14 on Plate Vl-g), from August 1978
through September 1984 (see Appendix Vl-3). Average monthly flow at this location during the
period of record varied from 1.2 cubic feet per second ("cfs") in December to 6.9 cfs in June
and July. Most runoff occurred in the period April through September, presumably as a result
of snowmelt runotf and thunderstorm activity.

Daily streamflow data collected by the USGS from Quitchupah Creek and Christiansen
Wash are presented in Figure Vl-11. From these records, it is apparent that both streams
experience a wide seasonal variation in flow as well as occasional flood events. Considerable
fluctuation in streamflow is evident from day to day during the spring and summer months. This
can be explained in the spring by fluctuations in temperature as it affects melting of the
mountain snow pack. In the summer and fall, thunderstorms and man-induced irrigation
influences are the most likely cause of daily variations in streamflow. In contrast, daily
fluctuations are much less substantial during the winter months, when irrigation has stopped
and snow is accumulating. Although the period of record on Quitchupah Creek and
Christiansen Wash is too short to draw many definitive conclusions, daily variations in
streamflow appear to be less extreme than in Christiansen Wash, probably as a result of the
discharge of mine water to Quitchupah Creek.

The USGS has also maintained stream gaging stations on lvie Creek and Muddy Creek
for various periods of record at the locations noted on Figure Vl-12. A summary of the data
collected from these stations is provided in Appendix Vl-11. Annual flow data collected by the
USGS from these locations, as well as the Quitchupah Creek and Christiansen Wash stations,
are summarized in Figure Vl-13. As indicated, streamflow varies widely in the region on an
annual basis. These annual variations are likely less extreme in Quitchupah Creek than in the
surrounding streams, given the consistent discharge of mine water to Quitchupah Creek.

Muddy Creek serves as the main source of irrigation water in the region. This water is
diverted primarily from a point approximately 20 miles northwest of the permit area. Additional
points of diversion are located about 6 miles north and 4 miles northeast of the permit area, A
comparison of flow measurements at up and downstream gaging stations on Muddy Creek
indicates that this stream loses approximately 60 percent of its flow between the USGS gaging
stations. This dramatic loss in flow is primarily due to the above-noted irrigation diversions.

Between October 1977 and July 1978, Conoco conducted a seasonal streamflow and
water quality study along Quitchupah Creek and Christiansen Wash in order to determine
seepage and water quality trends within the permit area. Stream gaging data from this
investigation are presented in Table Vl-9 and gaging sites are indicated on Figure Vl-14.

These data indicate that increases in flow generally increased in the downstream
direction on both streams. Substantial increases in flow generally occurred between sites "C"
and "D" on Christiansen Wash where seepage from irrigation water enters from a tributary.
Flow also generally increased between sites "G" and "H" on Quitchupah Creek, where a
tributary carrying irrigation return flow and seepage enters. Less consistent fluctuations in flow,
including both gains and losses, were measured between the other sites on both streams.
These gains and losses may reflect various contributions from groundwater and irrigation return
flows, as well as seepage losses to the alluvium. In addition, man-induced and natural
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streamflow fluctuations during the time period between stream gaging at the various sites may
account for some of the apparent gains and losses.

The USGS has also conducted seepage studies along Quitchupah Creek and
Christiansen Wash. Available data are given in Table Vl-10, with data collected from the
locations noted in Figure Vl-15. Within the vicinity of the Emery Mine, these data validated the
results drawn from the Conoco study, indicating a general downstream increase in flow on both
streams.

Due to the complexity of the surface water hydrology of both Christiansen Wash and
Quitchupah Creek, it is difficult to determine the individual contributions to streamflow of
irrigation return flows and seepage, natural discharge from the Ferron Sandstone, overland
flow, and losses to seepage into alluvium. Only the discharges from the mine are practical to
measure separately. These data were presented previously in Figure Vl-9.

Several small impoundments have been constructed in the permit and adjacent areas to
capture water for livestock use. No water rights have been filed on these impoundments. The
impoundments capture water from surface runoff local to each pond.

The Emery Mine has eight discharge monitoring points that are regulated under permit
number UT0022616 of the Utah Pollutant Discharge Elimination System ("UPDES"). These
points are described in Table Vl-11 and located as shown on Plate Vl-4. Data collected from
these points are contained in Appendix Vl-12. Consistent discharges have occurred only at
UPDES points 001 and 003, where water is discharged from the underground workings. Average
flow rates associated with these discharge points were presented in Figure Vl-9. Eight discharge
events, ranging from 100 to 630 gallons per minute, have occurred since 1991 at UPDES point
004. Discharge at this point also represents mine water which is used by a local farmer for
irrigation. Discharge has occurred at UPDES point 007 on two occasions since 1994. This pond
was constructed in an area initially intended to be the site of a coal preparation plant. The
preparation plant was not constructed and no disturbed area drains to the pond, other than that
associated with the pond itself. No discharges have occurred from any of the other UPDES points
since monitoring began.

Surface Water Qualitv

Surface water-quality data have been collected from several locations within the permit
and adjacent areas, including those locations identified on Plates Vl4 and Vl-9. The U.S.
Geological Survey conducted a water-quality study on Quitchupah Creek from July 1975
through September 1976, collecting samples at site S-18 (See Plate Vl-9) where State Highway
10 crosses Quitchupah Creek and at site S-29 on Quitchupah Creek where it joins lvie Creek.
Water-quality analyses for these sites are summarized in Appendix Vl-13. Increases in
concentration are typical between these two sampling sites, with pH increasing slightly from an
average of 8.1 to an average of 8.3; TDS increasing from an average of 939 to an average of
2406 mgll, and the sodium adsorption ratio ("SAR") increasing from an average of 2.2to an
average of 5.5. The water also changed from a mixed type at S-18 (with Ca, Mg, and Na, being
the dominant cations and sulfate and bicarbonate being the dominant anions) to a strongly
sodium sulfate type at S-29. At site S-18, the specific conductivity of 1346 umhoslcm at25C
and SAR of 2.2 classify the water as high salinity, low sodium water which may be used for
irrigation of plants with good salt tolerance grown in well drained soils (U.S. Department of
Agriculture, 1954). At site S-29, the specific conductivity of 3078 umhos/cm at 25'C and SAR
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of 5.5 classify the water as very high salinity, medium sodium water which is not suitable for
irrigation under ordinary conditions.

Data collected by the USGS on Muddy Creek and its tributaries in the 1970s are also
presented in Appendix Vl-13. At sample location S-1 located about 6 miles north of the permit
are (see Plate Vl-9), the quality of water in Muddy Creek was found to be very good, with an
average TDS concentration of 212 mg/|. Calcium and magnesium were the dominant cations,
while bicarbonate was the dominant anion. The SAR of 0.23 and a mean lab specific
conductivity of 417 umhos/cm at 25"C classify this water as medium-salinity, low sodium water
suitable for irrigation of plants with moderate salt tolerance. Downstream at site S-5 before its
confluence with lvie Creek, Muddy Creek's water is noticeably more saline, with a mean TDS
concentration of 3065 (see Appendix Vl-13). Sodium has become the dominant cation and
sulfate the dominant anion. The mean lab conductivity of 3584 umhos/cm at 25'C and a SAR
of 6.6 classify the water as very high salinity, medium-sodium water which is not suitable for
irrigation under ordinary conditions. At site 5-6, lvie Creek dilutes Muddy Creek's waters
slightly such that the mean TDS concentration decreases to 2306 mg/|. The water remains a
sodium sulfate type, similar to the downstream end of Muddy Creek.

Site S-7 represents water collected from a canal carrying water from Muddy Creek. The
quality of this water is very similar to that of Muddy Creek at site S-1. This canal and its
associated laterals service the entire Emery area, diverting water from a location near S-1.
Thus, the chemical quality of waters sampled at S-1 and S-7 are probably very representative
of all irrigation waters in the Emery area.

On three occasions in the late 1970s, Consol conducted water-quality studies on
Quitchupah Creek and Christiansen Wash to determine trends along these streams. Grab
samples were collected at 19 of the sites indicated on Plate Vl-9, with the resulting data
contained in Appendix Vl-13. These studies indicated that TDS concentrations in Quitchupah
Creek increased in the downstream direction, largely as a result of irrigation return flows,
seepage from the tributary sampled at site S-20, and mine-water discharges. At this time, the
Emery Mine discharged its water into this tributary below site S-20. Notably, Quitchupah Creek
after its confluence with Christiansen Wash contained a considerably smaller ionic
concentration than that measured in either stream just upstream from the confluence. This
decrease in concentrations was probably due to dilution via groundwater inflow from the Ferron
Sandstone.

Concentrations of dissolved constituents were also found to increase in the downstream
direction in Christiansen Wash above site S-12 as a result of runoff and irrigation return flow
south of Emery. Below site S-12, which represents groundwater seepage from the Ferron
Sandstone, water quality in Christiansen Wash improves towards its confluence with
Quitchupah Creek due to dilution from the groundwater inflow.

Between October 1977 and July 1978, Conoco collected grab samples in conjunction
with a stream gaging program along Christiansen Wash and Quitchupah Creek. These data,
which are presented in Appendix Vl-13, are consistent with the findings of the previously-cited
water-quality studies. These investigations also found that total suspended solids
concentrations in both Quitchupah Creek and Christiansen Wash are inversely related to
streamflow, being generally less than 200 mg/l except during the spring and early summer
months when flows are high.
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Routine surface water monitoring in the permit and adjacent areas began at several
locations in 1979, with the monitoring network being expanded in later years as needed. Data
collected from these stations (Plate Vl-4), together with statistical analysis of the data, are
provided in Appendix Vl-S and summarized in Table Vl-12. These data confirm the conclusions
drawn from the previously cited shortterm studies on water quality types and trends for both
Quitchupah Creek and Christiansen Wash.

Routine monitoring data show that Quitchupah Creek can generally be characterized as
a sodium sulfate water, becoming more saline in the downstream direction. At Surface Water
Monitoring Site ("SWMS") 14, the average TDS concentration during the period of record has
been 908 mg/l (near the upstream edge of the permit boundary). This concentration increases
to an average of 1259 at SWMS-1, an average of 1386 mg/l at SWMS-4, and an average of
1445 at SWMS-3 (near the downstream edge of the permit boundary.

Based on the average flows and average TDS concentrations for these sampling sites
(see Appendices Vl-12 and Vl-S), the salt load of Quitchupah Creek has increased an average
of 11.2 tons per day ("TPD") between SWMS-1A and SWMS-1 during the period of record (see
Table Vl-12). Mine water is discharged to Quitchupah Creek between these sampling sites,
with the salt load from this mine-water discharge outfall averaging 4.1 TPD during the period of
2000 through 2006 (see data for UPDES discharge point 003). The remaining increase in salt
load in this reach of Quitchupah Creek (averaging 7.1 TPD) is attributed to irrigation return
flows and natural leaching of saline bedrock and colluvium, particularly that associated with the
Blue Gate Member.

The average salt load of Quitchupah Creek also increases (by 8.1 TPD) between
SWMS-1 and SWMS- . A tributary enters Quitchupah Creek between these sites, carrying
irrigation return flows (sampled at SWMS-8, contributing 1.4 TPD) and water discharged from
the mine (sampled at SWMS-6 IUPDES outfall 001], contributing 2.0 TPD [see Appendix Vl-
121). Again, the remaining increase in salt load (4.9 TPD) is attributed to irrigation return flow
and natural leaching of saline deposits. The salt load of Quitchupah Creek increases
substantially at SWMS-3, primarily due to inflow from Christiansen Wash (see data at SWMS-2
and SWMS-S), which is not impacted by mine-water discharges. Thus it is evident that, while
mine-water discharges increase the salt load of Quitchupah Creek, the majority of the salt-load
increase in this stream occurs from irrigation return flows and leaching of naturally-saline
deposits.

TDS concentrations are generally highest in local streams during periods of low flow,
when dilution is at a minimum. Total suspended solids concentrations, on the other had, tend
to be highest in stream during periods of high flow, when streamflow energy is greatest. Mine
water concentrations of dissolved and suspended solids show no seasonal variations.

The pH of surface water in the permit and adjacent areas is moderately alkaline. Total
iron and manganese concentrations tend to correlate positively with suspended sediment
concentrations, as would be expected. All streams included in the routine monitoring network
(Quitchupah Creek, Christiansen Wash, and lvie Creek) can be classified as magnesium-
sodium sulfate type at the upstream-most station and strongly sodium sulfate type at
downstream stations.
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V1.2.4.3 Geologic I nformation

Geologic information related to the permit and adjacent areas is presented in Chapter V of
this MRP. This information is also briefly discussed in this chapter as an aid in understanding
hydrologic conditions in the permit and adjacent areas.

V1.2.4.4 Climatological I nformation

Climatological information is presented in Chapter X, Part B of this MRP.

V1.2.4.5 Supplemental I nformation

No supplemental information is required at this time.

V1.2.4.6 Survey of Renewable Resource Lands

The existence and recharge of aquifers in the permit and adjacent areas is discussed in
Section V|.2.4.1 of this MRP. A description of the probable hydrologic consequences of
subsidence on these aquifers and their recharge areas is provided in Section VI.2.8 of this MRP.

V1.2.4.7 Alluvial Valley Floor Requirements

lnformation regarding the presence or absence of alluvial valley floors in the permit and
adjacent areas is presented in Chapter Xl of this MRP.

V1.2.5 Baseline Gumulative lmpact Area Information

The hydrologic and geologic information required for the Division to develop a Cumulative
Hydrologic lmpact Assessment is presented in Chapters V and Vl of this MRP. Required
information not available in these chapters is available from the Utah Division of Water Rights, the
Utah Division of Water Resources, the U.S. Geological Survey, and the U.S. Bureau of Land
Management.

V|.2.6 Modeling

Numericalgroundwater modeling was conducted to assist in determining the probable
hydrologic consequences of mining in the permit area. A discussion of this modeling effort is
presented in section V|.2.8 of this MRP.

V1.2.7 Alternative Water Source lnformation

No surface coal mining has been or will be conducted in the permit and adjacent areas.
Therefore, this section does not apply to the Emery Mine.

V|.2.8 Probable Hydrologic Gonsequences

This section addresses the probable hydrologic consequences of coal mining and
reclamation operations in the mine permit and adjacent areas. Mitigating measures are discussed
generally in this section and in detail in subsequent sections of this MRP.
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V1.2.8.1 Potential lmpacts to Surface and Groundwater

The following potential impacts of coal mining on the quality and quantity of surface and
groundwater flow within and adjacent to the Emery Mine permit area were evaluated:

o Contamination from acid- or toxic-forming materials;
. Increased sediment yield from disturbed areas;
. lmpacts to groundwater availability;
. lmpacts to surface water availability;
. Increased total dissolved solids concentrations in surface and groundwater;
. Flooding or streamflow alteration;
. Hydrocarbon contamination from above ground storage tanks or from the use of

hydrocarbons in the permit area; and
. Contamination of surface water from coal spillage due to hauling operations.

These potential impacts are addressed in the following sections of this MRP.

V1.2.8.2 Baseline Hydrologic and Geologic Information

Baseline geologic information is presented in Chapter V of this MRP. Baseline hydrologic
information is presented in SectionsYl.2.4 of this MRP.

V1.2.8.3 PHG Determination

Potential impacts to the hydrologic balance are addressed below.

Contamination from Acid- or Toxic-Forming Materials. lnformation concerning acid-
and toxic-forming materials in rock at the Emery Mine is presented in Sections V.A.4 through
V.4.6 of the MRP. As noted, the pH of roof and floor materials ranges from 5.0 to 9.1, with the
acid-base potential indicating a net base potential. The alkaline nature of the system is further
indicated by the fact that the pH of groundwater in the area is typically alkaline (see Section
vl .2.4.1).

Except near outcrops, the electrical conductivity of the rock is generally low. However,
naturally-occurring sodium adsorption ratios and exchangeable sodium percentages of the rock
are moderately high. As a result, sodium adsorption ratios calculated from the data presented in
Appendix Vl-1 suggest that groundwater discharged from the mine may have a low to medium
sodium hazard if that water is used for irrigation without further treatment. Analyses of rock
samples presented in Section V.A.4 indicate that concentrations of trace elements are generally
sufficiently low that the rock can be considered non toxic-forming. Thus, with the exception of
moderate sodium concentrations in some samples, analytical data obtained from the local rock
and mine-water discharges indicate that no significant potential exists for the contamination of
surface and groundwater in the permit and adjacent areas by acid- or toxic-forming materials.

Increased Sediment Yield from Disturbed Areas. Mining and reclamation at the Emery
Mine has the potential to increase sediment concentrations in the surface waters downstream
from disturbed areas, However, sediment-control measures such as sedimentation ponds,
diversions, etc. have been installed to minimize this impact. These facilities have been designed
to meet applicable regulatory requirements and are regularly inspected and maintained to ensure
that they continue to meet those standards (see Sections Vl.3 and Vl-4).
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No discharges have occurred from the Emery Mine sedimentation ponds during their
period of operation, other than two incidences of discharge from pond 5 (UPDES outfall 007).
This pond was constructed in an area initially intended to be the site of a coal preparation plant.
The preparation plant was not constructed and no disturbed area drains to the pond, other than
that associated with the pond itself. Thus, the sediment-control measures at the mine are
effective at minimizing sediment yields to adjacent streams.

lmpacts to Groundwater Availability. As noted previously in this chapter, coal at the
Emery Mine occurs in the Ferron Sandstone Member of the Mancos Shale. In the upper Ferron,
sandstones are lenticular, channel-shaped bodies that are generally less than 40 feet thick.
These channel sandstones are characterized by unidirectional cross-stratification, fining-upward
cycles, and lateral interfingering with mudstones. The middle and lower Ferron consists of thin-
bedded sandstone and shale at the base that grade upward to thick, cliff-forming sandstones.

The Ferron Sandstone outcrops in a series of prominent cliffs along the eastern edge of
the Emery coalfield and dips 2to 10'to the northwest beneath the ground surface. The
continuity of the Ferron is broken in the subsurface by the Paradise Valley-Joes Valley fault
zone, which exists immediately northwest of the permit area. This fault zone extends for about
60 miles northeast and 20 miles southwest of the mine area (Hintze, 1980). A comparison of
Plates Vl-1 and Vl-7 with Plates V-19 throughV-22 indicates that the Emery Mine has
historically operated within the saturated zone, except along the outcrop to the east and where
water levels have been locally altered due to mining activities.

Morrissey et al. (1980) indicate that recharge to the Ferron Sandstone originates in the
Wasatch Plateau west of the Emery Mine and discharges to the southeast along the Paradise
Valley-Joes Valley fault zone. Hence, this fault zone effectively acts as a linear source of
groundwater recharge to the Ferron Sandstone. Groundwater has the potential to enter the
Emery Mine through both the floor and roof from permeable, saturated sandstones.
Hydrographs of water-level data collected from monitoring wells at the mine (Figures Vl-4
through Vl-7) show that water level declines have been experienced in all three sections of the
Ferron Sandstone and also in the Blue Gate Member. However, data presented in Plates Vl-7
and Vl-8 indicate that water levels in the upper Ferron Sandstone have been affected to a
greater degree than the lower Ferron Sandstone. Significant upward leakage from the middle
and lower Ferron is impeded by shales that constitute the floor of the mine. In-mine
observations have verified that most inflow to the mine occurs from the roof rather than the
floor.

As water flows into the mine, the flow pattern within the Ferron Sandstone is altered.
These conditions in turn induce groundwater level declines in the area. Since the principal
avenue of inflow to the mine is through the roof of the workings, the upper portion of the Ferron
Sandstone is most subject to water level declines.

Average discharge from the Emery Mine during the period of 1979 through 2005 is
shown in Figure Vl-9 (see also Table Vl-7). No data are available for the years prior to 1979.
Discharge from the mine continued through a period of temporary shutdown (1991 through
2001) when Consol pumped water to maintain the mine in an accessible condition. Since pillars
were pulled prior to the 1991 temporary shutdown, the mine-water discharge during this period
is anticipated to be predictive of full-extraction, post-subsidence conditions.
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The longterm effect of mining on groundwater availability in the permit and adjacent
areas was determined using a mass balance calculations and groundwater modeling. The
mass balance approach relied on the following water balance equation:

Outflow = lnflow + Change in storage

Direct recharge from precipitation to the Ferron Sandstone is limited in the mine area,
given the low amount of precipitation (averaging about I inches annually) and the presence of
the relatively impermeable Blue Gate Member covering the Ferron Sandstone throughout most
of the permit area. As a result, subsurface inflow to the permit area occurs predominantly from
groundwater that flows from the Paradise Valley-Joes Valley fault zone into the Ferron
Sandstone and then toward the mine. Outflow occurs when groundwater is either pumped from
the mine or used underground for various purposes (i.e., dust suppression, equipment cooling,
etc.) and then removed from the mine as moisture in the coal or in the mine air.

Groundwater inflow to the mine occurs either horizontally (due to the mine being within
the flow path) or vertically (due to gravity drainage from the overlying sandstone into the mine
void). These conditions are depicted on Figure Vl-8 and described in Section V!.2.4.1.

For the mass-balance analysis, it was assumed that the steady state condition identified
in Figure Vl-8(c) was reached during the several-year shutdown period of 1991 through 2001.
Under this condition and assuming no substantial change in underground water storage in the
mine during the shutdown, water discharged from the mine during this period would equalthe
amount of predominantly horizontal inflow to the mine. Data contained in Table Vl-7 indicate
that discharge from (and therefore horizontal inflow to) the mine during the shutdown period
averaged 1.03 cfs. Since groundwater flows horizontally out of the Paradise Valley-Joes Valley
fault zone toward the mine, the amount of water flowing into the mine would be a function of the
length of mine workings parallel (i.e., exposed) to the fault zone. During the temporary
shutdown, this length was 2.17 miles (see Plate Vl-6), resulting in a ratio of horizontal inflowper
unit length of mine exposed to the groundwater flow path of 0.47 cfslmi. This value was used
to predict future quantities of horizontal inflow to the mine as the mine expands.

Following the restart of mining in 2002, some groundwater encountered in the mine was
used underground by the mining equipment. The quantity of water used underground was
assumed to equalthe difference between the mine-water discharge during the period of
inactivity (1.03 cfs) and the mine-water discharge following the restart of mining ( averaging
0.63 cfs trom 2002 through 2005 - see Table Vl-7). Since full extraction was not occurring
during this period, the difference would be indicative of in-mine usage only (i.e., not influenced
by increased inflows due to mine subsidence). Hence, in-mine water usage averaged 0.40 cfs
from 2Q02 through 2005. With an average annual mined area of 18.1 acres from 20Q2 to 2005
(see Plate Vl-6), in-mine water usage is estimated to be 0.022 cfs/acre under current
operational conditions. This value was used to predict future quantities of in-mine water usage
as the mine expands.

Although vertical inflow to the mine is likely limited in areas that were mined prior to
1991 (due to the development of steady-state conditions noted in Figure Vl-8(c)), a condition
more like Figure Vl-8(b) has probably existed in areas mined since 2002 (i.e., components of
both vertical and horizontal inflow as the mine expands unto areas where the groundwater has
not yet reached static equilibrium). Under these conditions, it was necessary to estimate the
vertical component of inflow to the mine. This was accomplished using two analytical methods,
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assuming full-extraction conditions, and then comparing the results to pre-1991 conditions to
determine the method that most accurately predicts conditions at the mine site.

Each method is limited in its application to simplified flow situations, assuming that the
aquifer is of infinite areal extent with uniform thickness. The first method used to estimate
vertical mine-water inflow was the tunnel inflow equation presented by Freeze and Cherry
(1979). This method assumes that the mine acts as an infinitely long tunnel in a homogeneous,
isotropic porous medium. Under this assumption, the rate of ground water inflow Qo per unit
length of mine can be calculated using the following equation:

Q o =
2nKH.

23tog(2n" /r)

where r is the mine radius, Ho is the depth from the potentiometric surface to the center of the
mine, and K is the hydraulic conductivity, with all units being compatible.

The second method used to estimate vertical mine-water inflow was the Hantush
equation presented by Singh and Atkins (1985). This equation, which assumes that the aquifer
is homogeneous, isotropic, and pumped at a constant rate, is applied to large underground
openings as illustrated in Figure Vl-16. lnflow to the mine is calculated by:

Q=2iTDG( l , , r tn)
) , = T t / 1 2 S

r/B=r(x' lr lr ')z

where B is the leakage factor; D is drawdown to a level H from the original head Ho; G(A,r/B) is
the Hantush well function; K is the aquifer hydraulic conductivity; K' is the aquitard hydraulic
conductivity; L is the thickness of the formation being dewatered; L' is the aquitard thickness, Q
is the quantity of inflow; r is the radius at which drawdown occurs; and t is elapsed time, with all
units being compatible.

Vertical inflow to the mine was estimated using the two methods described above for the
period of 1980 through 1990 when Figure Vl-8(b) was again assumed to represent mine
hydrologic conditions (i.e., prior to attaining steady-state conditions during the temporary
shutdown). Assuming no change in water storage in the mine (i.e., discharge is equalto
inflow), and accounting for lateral groundwater inflow and in-mine water usage as outlined
above, these calculations were then compared with measured discharge rates during the same
period. Based on these calculations, the best approach for estimating future conditions was
selected.

Preliminary calculations using the two methods indicated that the Hantush equation was
a much better predictor of vertical mine-water inflow than was the tunnel inflow equation. To
more accurately predict inflow, the average post-subsidence hydraulic conductivity of the
aquifer was therefore derived by calibration using the Hantush equation, attempting to mimic
measured discharge rates as closely as possible. The average hydraulic conductivity of the
Ferron Sandstone overlying the coal seam was thereby determined to be O.2O ftlday. This
value compares wellwith aquifer data presented previously in this chapter and independent
data presented by Lines et al. (1983). Assuming an aquifer thickness of 400 feet (based on a
review of Plate V-20), the transmissivity data presented in Table Vl-6 convert to hydraulic
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conductivities ranging from 0.01 to 2.0 ftlday and averaging 0.6 ftlday. Laboratory hydraulic
conductivity data provided by Lines et al. (1983) ranged from2.6x10. to 0.77 ftlday, averaging
0.11 ftlday in the horizontal direction and 0.076 ftlday in the vertical direction. Hydraulic
conductivities derived from field tests summarized by Lines et al. (1983) ranged from 0.025 to
2.0 ftlday, averaging 0.55 fUday (again assuming an aquifer thickness of 400 feet).

Results of the mine-water infloddischarge calculations for the period of 1980 through
1990, using the Hantush and tunnel inflow equations, are summarized in Table Vl-13 and
detailed in Appendix Vl-14. Each set of calculations accounted for lateral groundwater inflow
and in-mine water usage, and assumed that no change in underground water storage occurred
during the period of interest (i.e., that discharge was equalto inflow). The equations were able
to account for varying inflow as the mine expanded since vertical inflow was assumed to enter
the mine only in the area of current mining. As indicated in Table Vl-13 and Figure Vl-17, the
Hantush equation provides a reasonable estimate of mine water discharge. Hence, this
equation was used to predict future mine-water discharge rates under the mass-balance
approach, again assuming post-subsidence conditions.

Predicted mine-water discharge rates through 2013 (the mine plan period at the time of
the calculation) are summarized in Table Vl-14, based on the Hantush equation and accounting
for mine-water inflow and usage as described above. These calculations again assume that no
substantial change in underground water storage will occur during the period of evaluation (i.e.,
discharge is equalto inflow). Spreadsheets detailing these calculations are provided in
Appendix Vl-14. Based on these calculations, discharge rates are expected to average 1.50
cfs, ranging from about 1.3 to 2.0 cfs during the calculation period. Variations in discharge
rates are anticipated depending on the depth of mining below the potentiometric surface and
the area over which mining will occur. These estimates are based on the assumed hydraulic
conductivity of 0.20 ttlday (i.e., the calibrated value arrived at in the comparison with measured
historic discharge rates). Since pillars had been pulled prior to the 1991 temporary shutdown,
this hydraulic conductivity is assumed to be indicative of average post-subsidence conditions.
Hence, the estimates presented in Table V1-14 are considered adequate predictors of full
extraction conditions.

Inflow of water to and discharge of water from the mine will continue to influence the
shape of the potentiometric surface in the vicinity of the mine. As a result, it is anticipated that
the cone of depression noted on Plate Vl-7 will change as mining continues. To predict the
impact of mining on groundwater levels in the permit and adjacent areas, Consol modeled
groundwater conditions in the permit and adjacent areas using the software package
MODFLOW. A description of the qroundwater modelinq effort is presented in Appendix Vl-15.

Groundwater in the permit and adjacent areas was modeled using three layers: 1) the
Blue Gate Member (where present), 2) the upper Ferron Sandstone, and 3) the "1" coal seam
horizon, Geologic structure data were imported into the model to simulate strike, dip, and
thickness of the various units. Figure 2 shows the model in plan view and Figure 3 shows the
model in cross section. Groundwater conditions within the coal seam were simulated using
extremely high hydraulic conductivity values for the mine works and low conductivity values for
the solid coal surrounding the mine. The initially assumed hydraulic properties of the Blue Gate
Member and the Ferron Sandstone were estimated from aquifer tests performed in monitoring
wells in the vicinity of Emery Mine. These values were adjusted during calibration to
approximate actual mine inflow rates. The initial head values used in the model were based on
2007 groundwater levels in both the Blue Gate Member and the upper Ferron Sandstone. Mine
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inflow and potentiometric surface changes were predicted from the period of June 2007 through
December 2016 (the projected life of mine at the time of modeling).

Three soenarios were run with MODFLOW to approximate a range of future conditions.
To simulate worst+ase inflow, it was assumed that groundrater levels in the upper Fenon
Sandstone do not cfrange in the future (i.e., that the vertical head over the mine remains
unchanged beyond 2OO7'). The conservative nature of this set of assumptions is evidenced by
the fact that water levels in the upper Ferron Sandstone have declined in the vicinity of the mine
as mining has progressed, thereby decreasing the head above the mine and the transmissivity
of the aquifer.

As a worst case drawdown evaluation, it was assumed that groundurater levels in the
upper Fenon Sandstone are allowed to decline as mining progresses. Since water-level
declines will likely continue as mining progresses, this scenario is considered morc ngalistic
than the worct case inflow scenario discussed above.

As an independent check to the modeled inflows, a relatively simple calculation of
predicted inflow based on unit-area inflows measured in the 1d and 2d South pillared area was
used and applied to the remaining areas to be mined. However, since the 1s and 2d South
areas of the mine are near the outcrop, this unit-area approximation may not be representative
of the deeper portions of the mine.

The results of the MODFLOW evaluation are summarized in Table Vl-15. Predided
mine-water inflow rates under the worst-case drawdor,yn s@nario agree reasonably well with
the mass balance estimates presented in Table Vl-14. These inflow estimates are also
considered most realistic since drawdom is expected to continue to occur in the future, based
on past observations.

Figure Vl-18 shows the predicted potentiometric surface under the worst-case
drawdown scenario for the upper Fenon Sandstone at the end of the year 2016 (when all
planned mining has been completed). As indicated, it is anticipated that the trough of
depression created by mine dewatering willexpand to the northeast as the mine expands in that
direction. lt is not predicted, however, that the maximum drawdown in the area will increase
above that currently being experienced, since the elevation of the mine floor will rise as mining
proceeds updip.

A comparison of Plates Vl-1 (1979 data) and Vl-7 (2006 data) indicate that the
potentiometric surface of the upper Ferron Sandstone has been affected bv mininq. As would
be expected. declines in this surface have been most pronounced within the permit area. with
decreasino effects awav from the mine workinos. On the other hand. a comparison of Plates
Vl-2 (1985 data) and Vl-8 (2006 data) indicates that the effects of mininq on the potentiometric
surface of the lower Ferron Sandstone have been comparativelv small. Thus, althouqh the
modeling effort concentrated on the uoper Ferron Sandstone. it is anticipated that these
conditions will continue into the future (the effects on the potentiometric surfaces will decrease
in the followinq order: upper Fenon>middle Fenon>lower Ferron).

Data presented in Appendix Vl-15 indicate that the potentiometric surface of the upper
Ferron Sandstone will qraduallv return to pre-mininq conditions once pumpinq ceases.
Whereas maximum drawdowns of 350 to 400 feet have occurred in the center of the oermit
area durinq the mininq period (compare Plates Vl-1 and Vl-7). it is predicted that water-level
recoveries will result in a maximum residual drawdown of 50 to 60 feet aoproximatelv 10 vears
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after cessation of pumpino from the mine (compare Plate Vl-1 with Figure 5 in Appendix Vl-
15). Maximum residual drawdowns will be approximatelv half those levels within 20 vears
followinq cessation of pumpinq operations (compare Plate Vl-1 with Fioure 6 in Appendix Vl-
15), Groundwater flow directions will qraduallv retum to approximate pre'mininq conditions
followinq the cessation of pumoino.

As noted in Table Vl-1, the town of Emerv has water riqhts at two wells. each lomted
about 14.500 feet north of the mine permit boundarv. The model output was evaluated to
determine the potential effects of mininq on the potentiometric surface at the location of these
wells. These wells are completed in the middle and lower Ferron Sandstone and supplv water
on a backuo basis to the town's distribution svstem. As noted in Fiqure 2 of Appendix Vl-15.
the northem boundarv of the MODFLOW model was aooroximatelv 8.800 feet south of the
Emerv wells. At this northem model boundary. the model results indicate that oroundwater
levels in the Upoer Fenon sandstone willdrop 1.6 feet from 2007 to 2016. the oeriod when
active mininq is planned to cease. From 2016 to 2026. qroundwater levels at the northern
model boundarv are predicted to increase to approximatelv 5.4 feet above 2@7 levels. Twentv
vears after minino is expected to cease (2036), the model predicts that the head at the northern
model boundarv will be approximatelv 12.7 feet above 2007 levels. The predicted heads in
2026 and 2036 are calculated to be hiqher than 2007 levels primarilv because of the hiqh
transmissivitv and lateral recharoe in the vlcinitv of the Joe's Vallev-Paradise fault zone.

Althouoh the MODFLOW evaluation concentrated on the upper Ferron Sandstone. it is
reasonable to conclude that impacts to the middle and lower Fenon Sandstone will be less than
those in the upper Fenon Sandstone. Given the distance of the Emerv town wells from the
modeled area and their comoletion zones. the effects of minino on water levels at the Emerv
town wells are predicted to be much less than those predicted to occur in the upper Ferron
Sandstone at the model boundarv (i.e.. these imoacts will be minimal at the town wells. if at all).

Two sprinqs have historicallv issued from the Ferron Sandstone adiacent to the permit
area (SP-15 from the upoer Ferron Sandstone and SP-16 from the lower Ferron Sandstone).
Both of these sprinqs are located near the formation outcrop. makino model oredictions less
precise. However. the model results indicate that the ootentiometric surface will decline
approximatelv 24.1 feet at the location of SP-15 from 2007 to 2016 (the period of active minino
and dewaterinq) and subsequentlv recover to approximatelv 4.1 feet below 2007 levels bv
2036. Data contained in Aopendix Vl-1 indicate that no flow has occuned at SP-15 since June
2000. The modeldata implv that this condilion will continue for some time in the future.

Quantitative predictions of potentiometric surface impacts at SP-16 are not possible
since modelinq concentrated on the upper Fenon Sandstone and since SP-16 is located near
the formation outcrop iust east of the model boundarv. This sprinq is not currentlv used for
beneficial purposes. Given the oenerallv lesser mininq-related impacts on the lower as
compared to the uoper Ferron Sandstone and the fact that this sprinq is located updlp of the
uoper Ferron Sandstone outcrop. impacts to the potentiometric surface at this location should
be less than those predicted for SP-15.

Severalseepaqe points representinq inioation return flow are noted on Plate Vl-S
(specificallv SP-1 throuoh SP-14). Recharqe to these seeps is primarilv a function of surface
irriqation practices. Since this recharoe is not connected to the reqionalgroundwater svstem
contained in the Ferron Sandstone. no impacts to these seeps are anticipated as a result of
m inedewaterinq ac{ivities.
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The Emerv Mine hvdroloqic monitorinq proqram has been desioned to assess the
impacts of minino on qroundwater resources in the area. Data collected from this pro.oram will
provide a much more accurate picture of mininq impacts than the cunent modelwill provide.

lmpacG to Suilace Water Availability. Water removed from the mire will be discharged
to Quitchupah Creek in the future as il has in the past, increasing the flor of this receiving stream.
As noted previously, only limited continuous stneamflow data are available for Quitchupah Creek,
with the U.S. Geological Survey maintaining a gaging station near the mine office ftom July 1978
through September 1981. The average annual florr of Quitcfrupah Creek at this location for the
three complete wateryears of record was 8.43 cfs, ranging fiom 6.73 to 10.8 cfs (see Appendix
Vl-11). Mine-water discharge rates are predicted in Tables Vl-14 and Vl-15 to range from 1.35
cfs to 3.20 cfs through the end of mining. These values represent a 16 to 380,6 inctease in the
above-noted average annualflow of Quitchupah Creek.

As noted above, no water has been observed to disciarge from the Emery Mine
sedimentation ponds. Hence, a smallquantity of runoff is preduded from reaching Quitchupah
Creek and Christiansen Wash that nlould discharge to this stream if the mine surface facilities
were not present. Given the smallamount of precipitation in the area and the relatively small
area of the surface facilities, this reduction in the streamflow of Quitchupah Creek and
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Christiansen Wash is likely minimal. Thus, the net effect of mining on the availability of surface
water in the immediate area is an increase in the flow of Quitchupah Creek and downstream
waters.

According to Section V|.2.4.2, streamflow in Christiansen Wash and Quitchupah Creek
in the permit and adjacent areas is influenced by severalfactors, including direct irrigation
return flow of water that originated in Muddy Creek, groundwater discharge from the Ferron
Sandstone, discharge from the Emery Mine, and overland flow from precipitation runoff.
Although it is assumed that interception of water in the mine will locally decrease base flow in
Christiansen Wash and Quitchupah Creek, the magnitude of this impact cannot be accurately
predicted given the multiple factors affecting streamflow in the area.

It should be noted that the discharge of mine water to Quitchupah Creek probably results
only in a local increase in flow and not a basin-wide increase. As discussed above, the coal being
mined at this location occurs in the Ferron Sandstone Member of the Mancos Shale, which is
underlain by the Tununk Shale member of the same formation. The shales of this formation have
a low permeability (Waddell et al., 1 981), thus forcing groundwater to the surface as streamflow.
As a result, although the discharge of water from the mine results in a local loss of groundwater
and gain in surface water, this discharge does not disrupt the hydrologic balance of the larger
basin.

Given this condition, the only actual loss of groundwater from the hydrologic balance is
that water which is contained in the coal and leaves the basin upon mining or is discharged from
the mine in the ventilation air. These quantities are estimated in Section ll.C, subsection UMC
817.97 of this MRP.

As indicated on Plate V-5, buffer zones have been established to preclude full-extraction
mining in the future beneath Christiansen Wash and Quitchupah Creek. Hence, direct impacts to
the streambed of these two surface waters are not anticipated. However, subsidence may
influence irrigation ditches and stock-watering ponds in areas overlying full-extraction panels.
lmpacts to irrigation ditches may include the development depressions that cause ponding in
areas that would otherwise be free draining. Cracks may also develop in ditch and pond
embankments, resulting in seepage outside of the embankments to adjacent ground.

Two conditions make it doubtful that substantial water will be diverted from an irrigation
ditch or stock-water pond to the mine as a result of subsidence. First, the Blue Gate member of
the Mancos Shale, which exists between the surface and the coalzone throughout the area,
contains bentonitic clays (U.S. Geological Survey, 2007). As a result, subsurface cracks will swell
and sealwhen water enters the crack. Second, irrigation ditches and ponds in the area typically
contain water only ephemerally, minimizing the time that surface water may come into contact with
a crack. Monitoring and mitigation of subsidence impacts, if they occur, will be in accordance with
the plan presented in Section V.B.1 of the approved MRP.

Increased Total Dissolved Solids Concentrations in Surface and Groundwater. Data
summarized in Table Vl-16 indicate that the average TDS concentration of water entering the
mine (as measured in roof samples) is 1025 mg/|. Assuming that the equivalent-weight
bicarbonate concentration can be calculated by balancing the anions and cations in that table, the
roof inflow is a sodium-bicarbonate water with an average sulfate concentration of 264 mg/|. The
average TDS concentration of water discharging from the mine to Quitchupah Creek (as
measured at Ponds 1 and 6 [UPDES outfalls 001 and 003, respectively] and reported in Table Vl-
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16) is 3110 mg/|. This is a sodium-sulfate water with an average sulfate concentration of 1510
mg/1.

These data indicate that the TDS concentration of water flowing through the mine
increases by a factor of approximately 3.0. The sulfate concentration of this water increases by a
factor of about 5.7. Furthermore, the ratio of calcium to sodium increases as the water flows
through the mine. This increase in calcium concentration suggests that the observed changes in
TDS and sulfate concentrations are probably the result of dissolution of gypsum rock dust used in
the mine.

Consol operates under a UPDES discharge permit issued by the Utah Division of Water
Quality and controls discharges from the mine to be consistent with that permit. As noted in
Section V|.2.4.2, although mine-water discharges increase the salt load of Quitchupah Creek,
the majority of the salt-load increase in this stream occurs from irrigation return flows and
leaching of naturally-saline deposits. Furthermore, except where overlain by a thin veneer of
alluvial deposits, surface water in Quitchupah Creek flows across the Tununk Member of the
Mancos Shale immediately downstream from the mine permit area. Since this member is a
gypsiferous formation, sulfate and TDS concentrations increase naturally in surface water that
flows across areas underlain by this unit. Thus, the additional input of these constituents from the
mine waters to local streams is considered minor compared with contributions from natural
sources and irrigation return flows.

A TMDL study of the Muddy Creek watershed (of which Quitchupah Creek is a tributary)
indicated that Muddy Creek and its major tributaries (including Quitchupah Creek) would not
support an agricultural beneficial use classification (MFG, 2004). This lack of beneficial-use
support occurs at the location where these streams cross State Highway 10 (i.e., upstream from
the mine water discharge point). The study concluded that elevated TDS concentrations in areas
downstream from Highway 10 are caused predominantly by changes in surficialgeology (i.e.,
outcropping of the saline Mancos Shale) and irrigated agriculture (i.e., return flows), thereby
agreeing with the above conclusions.

According to the U.S. Bureau of Reclamation (2003), the salt load from the Muddy Creek
watershed averages 86,000 tons/yr. The Emery Mine UPDES permit currently allows a maximum
salt load of 12 tons/day to be discharged from the mine. Assuming that this load is discharged
constantly throughout the year, the annual salt load from the mine to the Muddy Creek watershed
would be 4380 tons/yr (about 5o/o of the basin-wide salt load). The UPDES permit anticipates that
the salt-load limit will change in the future to 3839 tons/yr (rather than 12 tons/day) following EPA
approval of the TMDL loading limit. Once this new limit is adopted, the salt load from the Emery
mine will represent about 4.5o/o of the annual salt load of the Muddy Creek watershed.

No surface-water rights exist on Quitchupah Creek downstream from the mine-water
discharge point, nor do they exist on lvie Creek between the confluence of Quitchupah Creek
and Muddy Creek. Hence, no substantialwater-quality impact to downstream water users is
anticipated.

ln the post-mining situation, there is a potential for water-quality degradation within the
upper Ferron Sandstone as groundwater flows through previously mined areas and then into
adjacent un-mined rock. However, it is expected that this condition will be tempered by the
diluting effect of better-quality recharge water entering the area from the west. As far as the
middle and lower Ferron Sandstones are concerned, a fairly uniform shale floor impedes
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downward seepage of mine water to lower zones. Thus, groundwater quality in these lower
sections of the Ferron should not be substantially atfected either during or after mining.

Flooding or Streamflow Alteration. Runoff from all disturbed areas flows through
sedimentation ponds or other sediment-control devices prior to discharge to adjacent undisturbed
drainages. Three factors indicate that these sediment-control devices minimize or preclude
flooding impacts to downstream areas as a result of mining operations:

1. The sediment-control facilities have been designed and constructed to be
geotechnically stable. Thus, no substantial potential exists for breaches of the
sediment-control devices to occur that could cause downstream flooding.

2. These sediment-control devices are sized sufficiently that no discharges have been
recorded. This precludes flooding impacts to downstream areas.

3. By retaining sediment on site in the sediment-control devices, the bottom elevations of
stream channels downstream from the disturbed areas are not artificially raised. Thus,
the hydraulic capacity of the streams channels is not altered and flooding potential is
further precluded.

Following reclamation, stream channels will be returned to a stable state. The reclamation
channels have been designed in accordance with the requirements of the Division. Thus, flooding
in the reclaimed areas will be precluded. Interim sediment-control measures and maintenance of
the reclaimed areas during the post-mining period will preclude deposition of significant amounts
of sediment in downstream channels following reclamation, thus maintaining the hydraulic
capacity of the channels and further precluding adverse flooding impacts.

The mine has been designed to preclude subsidence in areas occupied by perennial
streams (see Plate V-5). Thus, no alteration of perennial streamflow is anticipated.

Subsidence will occur in areas occupied by ephemeral stream channels. Although surface
cracks that result from subsidence in the permit area are expected to heal with time in areas
overlain by unconsolidated deposits and the Bluegate Member of the Mancos Shale, ephemeral
stream flows may be partially intercepted prior to completion of the healing process. ln addition,
the broad depressions created by subsidence may locally retain runoff that would normally
discharge from an area. However, the following factors indicate that the impact of subsidence on
ephemeral streamflow will be minimal.

1. Ephemeral streamflow in the area is sporadic, allowing significant periods of time for
surface cracks to heal between flow events.

2. Ephemeral streamflow typically carries a high sediment load. This sediment will fill
remaining cracks. As the cracks heal, the potentialfor interception of streamflow is
minimized.

3. The depressions created by subsidence are sufficiently broad that changes in slope
are not typically of an ample magnitude to cause ponding in anything other than local
areas.

Potential Hydrocarbon Contamination. Dieselfuel, oils, greases, and other
hydrocarbon products are stored and used at the site for a variety of purposes. Diesel and oil
stored in above-ground tanks at the mine surface facilities may spill onto the ground during filling
of the storage tank, leakage of the storage tank, or filling of the vehicle tank. Similarly, greases
and other oils may be spilled during use in surface and underground operations.
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The probable future extent of the contamination caused by diesel and oil spillage is
expected to be small for three reasons. First, because the tanks are located above ground,
leakage from the tanks can be readily detected and repaired. Second, spillage during fllling of the
storage or vehicle tanks is minimized to avoid loss of an economically valuable product. Finally,
the mine has a Spill Prevention Control and Countermeasure Plan that provides inspection,
training, and operation measures to minimize the extent of contamination resulting from the use of
hydrocarbons at the site.

Goal Spillage During Hauling. Coal is hauled over County roads from the mine to State
Highway 10 and future destinations. Past experience has indicated that no substantialquantities
of coal have been spilled during transport. lf coal is spilled, it may wash into local streams during
a runoff event prior to cleanup. Possible impacts to the surface water include increases in total
suspended solids and turbidity from the fine coal particulates. The probability of a spill occurring
in an area sutficiently close to a stream channelto introduce coal to the stream bed is extremely
small.

V1.2.9 Cumulative Hydrologic lmpact Assessment (GHIA)

A Cumulative Hydrologic lmpact Assessment to include the permit and adjacent areas has been
prepared by the Division.

Vl.3 Operation Plan

V|.3.1 General Requirements

This permit application includes an operation plan which addresses the following:

. Groundwater and surface water protection and monitoring plans;

. Design criteria and plans;
o Performance standards; and
o A reclamation plan.

V!.3.1.1 Hydrologic-Balance Protection

Groundwater Protection. To protect the hydrologic balance, coal mining and
reclamation operations will be conducted to handle earth materials and runotf in a manner that
minimizes acidic, toxic, or other harmful infiltration to the groundwater system. Additionally, the
mine will manage excavations and disturbances to prevent or control discharges of pollutants to
the groundwater.

Surface Water Protection. To protect the hydrologic balance, coal mining and
reclamation operations will be conducted to handle earth materials and runoff in a manner that
minimizes acidic or toxic drainage, prevents, to the extent possible, additional contributions of
suspended solids to streamflow outside the permit area, and otherwise prevents water pollution.
Additionally, Consolwill maintain adequate runoff- and sediment-controlfacilities to protect local
surface waters.

V1.3.1.2 Water Monitoring

Groundwater Monitoring. Groundwater monitoring is condugtediUthg permit and
adjacent areas according to the water monitoring plans presented in(able*Vl-1,7. The locations
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of the monitoring points are presented on Plate Vl-4. The monitoring plans were developed
based on information presented in the PHC determination, the baseline hydrologic data, and the
geology chapter of this document.

The monitoring programs provide data that are reviewed and compared to the baseline
data. Any significant changes are evaluated to determine their impact on the hydrologic balance.
Results of these evaluations are submitted periodically to the Division.

Sampling for the Emery Mine area is accomplished in accordance with the schedule
outlined in Table Vl-17. Monitoring at locations that are inaccessible during winter months are
sampled three times per year. All other sites are monitored quarterly. Groundwater monitoring
data are submitted to the Division by the end of the quarter following sampling. Monitoring data
are submitted in an annual summary by March 31 of the subsequent year.

Groundwater monitoring will continue through the mining and post-mining periods until
bond release. The monitoring requirements, including the analytical parameters and the sampling
frequency may be modified in the future in consultation with the Division if the data demonstrate
that such a modification is justified.

Equipment, structures and other devices used in conjunction with monitoring the quality
and quantity of groundwater in the permit and adjacent areas have been installed, maintained,
and operated in accordance with accepted procedures. Where feasible, this equipment will be
removed or properly abandoned by Consol when no longer needed.

Surface Water Monitoring. Surface water monitoring i ucted\the permit and
adjacent areas based upon the monitoring plans contained fn Table Vl-17. Surface water
monitoring locations are identified on Plate Vl-4. The paramhters monitored rn'eet the
requirements of R61 4-301-731.222.1,40 CFR 122 and 123, R61 4:3CiI-751, and the applicable
UPDES permits.

Surface water monitoring data are submitted to the Division by the end of the quarter
following sampling. Monitoring data are submitted in an annual summary by March 31 of the
subsequent year. UPDES reporting requirements will be met for the UPDES discharge sites at
the mine.

Surface water monitoring will continue through the mining and post-mining periods until
bond release. The monitoring requirements (except those required by UPDES) may be modified
in the future in consultation with the Division if the data demonstrate that such a modification is
justified.

Equipment, structures, and other devices used in conjunction with monitoring the quality
and quantity of the surface water in the permit and adjacent areas have been installed,
maintained, and operated in accordance with accepted procedures. This equipment will be
removed by Consol when no longer needed.

V1.3.1.3 Acid- and Toxic-Forming Materials

Information presented in Section V|.2.8.3 indicates that acid- and toxic-forming materials
are not a significant concern at the Emery Mine. In the event that acid- or toxic-forming materials
are identified in the future, they will be disposed of as outlined in Chapter ll, Section ll.C.
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V1.3.1.4 Transfer of Wells

Before final release of bond, exploration or monitoring wells will be sealed in a safe and
environmentally sound manner in accordance with R61 4-301-631, R61 4-301-738, and R614-301-
765. Ownership of wells will be transferred only with prior approval of the Division. The conditions
of such a transfer will comply with State and local laws. Consol will remain responsible for the
management of such wells until bond release in accordance with R61 4-301-529, R614-301-551,
R614-301-631 , R61 4-301-738, and R61 4-301-765.

V|.3.1.5 Discharges

The Emery Mine has eight discharge monitoring points that are regulated under the Utah
Polfutant Discharge Elimination System (permit number UT0022616). These points are described
in Table Vl-1 1. The primary discharge from the mine consists of water from the underground
workings that is diverted into mined-out areas now used as sumps. These sumps are used to
settle fines before the water is discharged to the surface. This water is discharged in accordance
with the requirements of R61 4-301-731.100 through R614-301-731.522 and R61 4-301-731.800.

Water from the underground workings is pumped to the surface and discharged at Pond 1
(UPDES discharge point 001) and Pond 6 (UPDES discharge point 003). Additional settlement of
sediment occurs in these ponds before the water is discharged to Quitchupah Creek.
Occasionally, water is discharged from the mine to a location known as the "Farmer's Pond"
(UPDES discharge point 004 - see Plate Vl4) where the water is diverted for irrigation use. All
discharge water is monitored for compliance with UPDES permit standards.

Water from disturbed surface areas associated with the mine is collected and conveyed to
sedimentation ponds. The mine maintains UPDES permits that allow the discharge of this water if
it meets appropriate standards. No discharges have occurred from the sedimentation ponds
during their period of operation, other than two incidences of discharge from pond 5 (UPDES
outfall 007). This pond was constructed in an area initially intended to be the site of a coal
preparation plant. The preparation plant was not constructed and no disturbed area drains to the
pond, other than that associated with the pond itself. lf discharges occur from sedimentation
ponds in the future, the discharge water will be monitored for compliance with the UPDES permit
standards prior to release from the ponds.

No discharges of surface water are being made to underground mines and none are
planned in the future.

V1.3.1.6 Stream Buffer Zones

All perennial and intermittent streams in the mine area are protected by 100 foot stream
buffer zones on either side of these streams. Coal mining and reclamation operations will not
cause or contribute to the violation of applicable Utah or federal water standards and will not
adversely affect the water quantity and quality or other environmental resources of the stream.

Stream Channel Diversions. Temporary or permanent stream channel diversions
compfy with R6 1 4-301 -7 42.300.

Buffer Zone Designation. Areas surrounding the streams that are not to be disturbed
are designated as bufferzones, and Consol has marked these areas as specified in R614-301-
521.260.
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V1.3.1.7 Gross Sections and Maps

The locations of surface and groundwater rights for current users of water within the
permit and adjacent areas are provided on Plate Vl-3. Discharges associated with the permit and
adjacent areas occur at locations shown on Plate Vl4.

The location of each water diversion, collection, conveyance, treatment, storage, and
discharge facility associated with the Emery Mine is presented on Plate Vl-10. Locations and
elevations of each station used for water monitoring during coal mining and reclamation
operations are presented on Plate Vl-4. Existing plans and profiles for the mine-water discharge
and sedimentation ponds are shown on Plates Vl-14 through Vl-20 as well as in AppendixVl-7.

Other relevant cross sections or maps required by Division regulations are presented and
discussed in other sections of this chapter, in Chapter V, and other chapters of this MRP.

V1.3.{.8 Water Rights and Replacement

This section applies to surface mining only.
Emery Mine where surface mining does not occur.

V1.3.2 Sediment Gontrol Measures

Therefore, this section does not apply to the

The existing sediment control measures within the permit area have been designed,
constructed, and maintained to prevent additional contributions of sediment to streamflow or to
runoff outside the permit area. In addition, they have been designed to meet applicable effluent
limitations, and minimize erosion to the extent possible.

The structures to be used for the runoff-control plan for the permit area include disturbed
and undisturbed area diversion channels and culverts, sedimentation ponds, containment berms,
and silt fences.

V1.3.2.1 Si ltation Structures

The siltation structures within the permit area consist of the sedimentation ponds
described in Section V|.3.2.2.

Va.3.2.2 Sed imentation Ponds

Five sedimentation ponds operate at the mine facility, not including the three mine-water
discharge ponds. Three of these sedimentation ponds are located in the area of the mine office,
where the mine portals formerty existed. Another sedimentation pond is located at the 4th East
portal facility, the active portal for the mine. The fifth sedimentation pond is located north of the
mine office in an area that was formerly under consideration for construction of a preparation
plant. The preparation plant was not constructed, and no disturbance exists in this area, outside
of that associated with the pond. An additional sedimentation pond (Pond 7) has been designed
to provide sediment control in the area of a proposed coarse refuse disposal area (see Plate Vl-
10). Neither this refuse disposal area nor the associated pond has been constructed. Yet an
additional sedimentation pond (Pond 4) was initially constructed immediately northwest of Pond 5,
with Pond 4 designed to serve as an evaporation pond for a planned reverse-osmosis unit. The
reverse-osmosis unit was never built, and Pond 4 was subsequently removed from service.
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Design information concerning this pond is included in Plate Vl-16 to serve as background
information for future final reclamation of the site where the pond was constructed. Details
regarding the design of the mine-water discharge and sedimentation ponds are discussed in
Section Vl.4.2.2.

Each sedimentation pond was designed to provide treatment or full containment of the
totaf runoff volume from a 1O-year,24-hour precipitation event. Treatment of the design runoff
volume is provided by maintaining pool volumes within the pond equal to or greater than the
design inflow volume into the pond. The sedimentation ponds were also constructed with a
dewatering system consisting of slide gates that remain closed except when dewatering.
Dewatering of these ponds will proceed only after a minimum of 24 hours of storm water
detention is provided to achieve effluent limitations. These dewatering systems are sufficiently
sized to remove the storm water from the ponds once deposition has occurred in a reasonable
time, not to exceed 10 days.

The spillways on the sedimentation ponds were designed to safely discharge the peak
runoff from a25-year,24-hour precipitation event. A minimum of 1.0 foot of freeboard is
provided above the peak water surface to the crest of the pond embankment. The discharge
from the sedimentation ponds will be controlled by riprap or other methods, as necessary, to
reduce erosion and minimize disturbance.

The sedimentation pond embankments were designed and constructed to maintain a
combined upstream and downstream slope of not less than 1v:Sh, with neither slope steeper
than 1v:2h. The minimum top width of the embankment was designed to be greater than the
quotient of (H+35)/5, where H is the embankment height measured from the upstream toe, in
feet. Construction of the pond embankments was performed using prudent engineering
practices to ensure a stable structure.

All sedimentation ponds at the Emery Mine were certified after construction by a
registered professional engineer with as-built drawings submitted and approved by the Division.
All ponds are inspected in accordance with applicable regulations.

Compliance Requirements. All sedimentation ponds will be maintained until removed in
accordance with the approved reclamation plan (see Chapter lll of this MRP). When a pond is
removed, the land will be revegetated in accordance with the reclamation plan defined in Chapter
i l t .

The sedimentation ponds were designed to contain the volume of sediment equal to 5
years of accumulated sediment inflow, based on the Universal Soil Loss Equation. Sediment
removal will be conducted once the volume of sediment accumulates to 60% of the total pond
volume designated for sediment storage volume. In addition, the sedimentation ponds will fully
contain the runoff from the 1O-year, 24-hour storm event. The spillways for the sedimentation
ponds will adequately pass the peak flow from the 2S-year, 6-hour precipitation event.

Additional design standards for all ponds are presented in SectionVl.4.2.

MSHA Requirements. MSHA requirements defined in 30 CFR 77.216 are not applicable
since the existing sedimentation ponds do not impound water or sediment to an elevation of 20
feet or more above the upstream toe of the structure. The ponds also store a volume less than 20
acre-feet.
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V|.3.2.3 Diversions

The objective of the run-off control plan is to isolate, to the extent possible, run-off from
disturbed areas from that of undisturbed areas. This is accomplished by:

Diverting as much upstream run-off around disturbed areas via a network of
ditches, culverts, and other diversions.
Routing of run-off from undisturbed areas which enters the disturbed area into the
sediment control system.

The location of each diversion is presented on Plate Vl-10. A brief list of each diversion
structure is provided in Table Vl-18. Drawings containing plans, profiles, and cross sections of the
development waste disposal site diversion, the preparation plant diversion, and the 4h East portal
stream diversion are presented in Plates Vl-1 1 , Vl-13, and Vl-21, respectively. Typical cross
sections for these and the other diversions, together with additional design information, are found
in Appendix Vl-6.

All diversion ditches are maintained with adequate erosion protection in those sections
where flow velocities are great enough that a ditch lining is necessary. Adequate ditch capacities
are maintained in all ditch sections. Culvert inlets are kept free of debris. Detailed diversion
design information is presented in Section V|.4.2.

V1.3.2.4 Road Drainage

Public roads in the permit and adjacent areas are owned and maintained by Emery
County. Drainage associated with these roads is the responsibility of the County. Drainage from
all routes within disturbed areas that are the responsibility of Consol is controlled via
sedimentation ponds or alternate sediment-control methods. Drainage associated with these
roads is addressed in AppendixlV-7 of this MRP.

V|.3.3 lmpoundments

V1.3.3.{ General Plans

Five sedimentation ponds and three mine-water discharge ponds operate at the mine.
These ponds are located as shown in Figure Vl-20 and Plate Vl-10. Design information
concerning each of these ponds is provided in Appendix Vl-7.

Gertification. All maps and cross sections associated with the sedimentation and mine-
water discharge ponds have been prepared by or under the direction of and certified by a
qualified, registered, professional engineer.

Maps and Cross Sections. Plans and cross sections associated with the mine-water
discharge and sedimentation ponds are provided on Plates Vl-14 through Vl-20, Plate Vl-20A,
and Appendix Vl-7 of this MRP.

Narrative. A description of each sedimentation pond is presented in Sections V|.3.1.5,
V1.3.2.2, and Vl.4 .2 of this MRP.

Subsidence Suruey Results. No future subsidence is planned beneath the existing
mine-water discharge and sedimentation ponds in the permit area.
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Hydrologic lmpact. The preliminary hydrologic and geologic information required to
asses the hydrologic impacts of the impoundments can be found in SectionVl.2.4 and ChapterV,
respectively.

Design Plans and Gonstruction Schedule. There are no additional structures proposed
for the mining operation at this time. Designs of all existing structures have been described within
this MRP.

V1.3.3.2 Permanent and Temporary lmpoundments

Requirements. All impoundments have been designed and constructed using current,
prudent, engineering practices. Specific design criteria for each impoundment are presented in
Section V!.4.3. All impoundments will be inspected at least quarterly.

Permanent lmpoundments. There are no permanent impoundment structures
associated with the mine facilities.

Temporary lmpoundments. The Division authorized the construction of the temporary
impoundments at the mine as part of coal mining and reclamation operations.

Hazard Notifications. The sedimentation ponds will be examined for structural weakness
and erosion at least four times per year. A report of these findings will be submitted to the
Division in accordance with permit requirements.

V1.3.4 Discharge Structures

The discharge structures associated the Emery Mine include spillways on the
sedimentation ponds and outlets on the mine-water discharge ponds. These discharge structures
are defined in Section V1.4.4.

V1.3.5 Disposal of Excess Spoil

There is no excess spoil generated at the mine.

V1.3.6 Coal Mine Waste

Areas designated for the disposal of coal mine waste and coal mine waste structures are
constructed and maintained as described in Chapter ll of this MRP.

V1.3.7 Noncoal Mine Waste

Noncoal mine waste is stored and disposed of as described in Chapter ll.

V1.3.8 Temporary Gasing and Sealing of Wells

Each groundwater monitoring well identified on Plate Vl-4 will be operated and maintained
as described in Section V|.4.8.
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Vl.4 Design Griteria and Plans

V1.4.1 General Requirements

This MRP includes site-specific plans that incorporate minimum design criteria for the
control of drainage from disturbed and undisturbed areas.

V1.4.2 Sediment Gontrol Measures

V1.4.2.1 General Requirements

Design. Existing sediment control measures have been designed, constructed, and
maintained to accomplish the following:

Prevent additional contributions of sediment to stream flow or to runoff outside the
permit area;

: ffi",l',:: :li5# lfil1':nffll:3,ft'ection v' 5 1 ; and

Measures and Methods. The sediment control measures at the mine include practices
carried out within and adjacent to the disturbed area. Sediment control methods include:

. Retention of sediment within the disturbed area;
o Diversion of runoff away from the disturbed area;

Diversion of runoff using channels or culverts through disturbed areas to prevent
additional erosion;
Provision of riprap, silt fences, site revegetation, ponds and other measures that
reduce overland flow velocities, reduce runoff volumes, or trap sediment; and
Treatment of mine drainage in underground sumps before being discharged to the
surface.

V1.4.2.2 Siltation Structures

General Requirements. Additional contributions of suspended solids and sediment to
stream flow or runoff outside the permit area is being prevented to the extent possible using
various siltation structures. These structures were designed and constructed in accordance with
applicable State and Federal regulations. Each structure has been certified by a qualified
registered professional engineer. All siltation structures which impound water have been
designed, constructed and maintained as described in Chapter lll and Sections V|.3.3 and V|.4.3.

Siltation structures are also provided at the mine-water discharges points. Water is
presently being discharged from the mine at UPDES discharge points 001 and 003. Water
discharges from these outfalls to Quitchupah Creek.

Sedimentation Ponds. There are five sedimentation ponds operating within the permit
area. These ponds are located in the areas noted in Figure Vl-20 and Plate Vl-10 and are
described in Table Vl-1 1. An additional sedimentation pond (Pond 7) has been designed to
provide sediment control in the area of a proposed coarse refuse disposal area (see Plate Vl-19).
Neither this refuse disposal area nor the associated pond has been constructed. Furthermore,
Pond 4 (Plate Vl-16) has been removed from service and partially reclaimed.
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Each sedimentation pond is designed to work individually to manage the design sediment
volume and safely convey the peak discharge rate from its drainage area. All sedimentation
ponds are located as near as possible to the disturbed areas. None of the ponds are located
within a perennial stream channel.

Sediment storage and cleanout quantities (volumes and elevations) are presented in Table
Vl-19 for each of the mine-water discharge and sedimentation ponds. Calculations used to
generate these quantities are presented in Appendix Vl-7. Each pond will be cleaned when its
actual sediment storage equals 600/o of the design volume.

An adequate detention time will be provided in each pond to allow the effluent to meet
UPDES and 40 CFR Part 434 limitations. The decant water will be sampled and discharged from
the pond in accordance with the above referenced effluent limitations.

Each mine-water discharge pond and sedimentation pond was designed to fully contain
runoff resulting from the 1O-year, 24-hour precipitation event. The sedimentation ponds were
constructed with slide gates that remain closed except when dewatering. Dewatering of these
ponds will proceed only after a minimum of 24 hours of storm water detention is provided to
achieve effluent limitations. The ponds have been designed to minimize short circuiting. All
mine-water discharge and sedimentation ponds within the permit area have spillway systems that
wiff safely discharge the peak flow resulting from a25-year,24-hour precipitation event.
Information relating to pond storage capacity and spillway hydraulics is presented in Table Vl-20.

All of the ponds within the permit area have been operating for a period long enough to
ensure that any settlement which may have occurred is now complete. Excessive settlement has
not been observed at any of the mine-water discharge or sedimentation ponds.

During construction of the ponds, the embankment materials were free of sod, large roots,
frozen soil, and acid- or toxic forming coal-processing waste. The embankments were compacted
during placement of the materials.

MSHA Sedimentation Ponds. MSHA requirements defined in 30 CFR 77.216 are not
applicable at this mine since the existing mine-water discharge and sedimentation ponds do not
impound water or sediment to an elevation of 20 feet or more above the upstream toe of the
structure. The ponds also store a volume less than 20 acre-feet.

Other Treatment Facilities. There are no other water treatment facilities within the mine
permit area.

Exemptions. Alternative sediment control methods are provided by the following
facifities for surface drainage which does not pass through a sedimentation pond. These
alternative treatments provide sufficient sediment control for these areas to meet Division
approval, before leaving the permit area. Additional details regarding the following alternative
sediment control methods are provided in Appendix Vl-8. Locations where alternative sediment
control have been installed are listed in TableVl-21.

o Mine Office Catch Basin: The catch basin in the mine office area is located in a
depression where the drainage berms cannot effectively direct disturbed area
runoff from 0.6 acre to Pond No.2. This evaporative catch basin is sufficiently
sized to fully contain the expected runoff from a 25-year, 24-hour storm event.
The small amount of runoff entering the depression evaporates, etfectively
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providing complete sediment control for these portions of the surface facilities
area without discharging from the permit area. This catch basin is a Division
approved treatment facility which has functioned effectively for several years.
Runoff Collection Berms: Runoff collection berms have been constructed along
the perimeter of the disturbed area in several locations to provide total
containment of runoff.
Rock Check Dams: A series of rock check dams have been placed in Ditch No. 6
along the downstream toe of the subsoil stockpile at the development waste
disposal site. Runoff from the stockpile enters the ditch and flows to the rock
check dams where the velocity is reduced, causing sediment deposition to occur.
Design details for Ditch No. 6 are provided in Appendix Vl-7.

Silt Fences: Silt fences are used at several areas of minor disturbance for
additional sediment control. These silt fences have been installed in general
accordance with Figure Vl-19.
Veqetative Cover: Alternative sediment control for several areas of disturbance
is provided by vegetative cover. Vegetation on these disturbed sites has proven
to be equivalent to or exceed that of the undisturbed ground adjacent to the site.
This comparison of disturbed versus undisturbed sites is the result of a
vegetation count conducted February 9, 1994 by the Division's reclamation
biologist. This vegetation count was conducted upon request by Consolidation
Coal Company in order to resolve sediment control concerns for these relatively
small, isolated disturbance areas. These primarily inactive sites have been in
place a sufficient number of years to re-establish natural vegetative cover. Any
further action to control sediment from these small areas would serve only to
disturb additional acreages and destroy the vegetation already established.
Based on the disturbance areas meeting or exceeding the vegetation provided
on the natural, undisturbed adjacent sites, as verified from vegetation count data,
no additional sediment control measures are anticipated. The vegetative cover
on these existing disturbance sites provides an improved condition, as compared
to the surrounding, undisturbed areas.

The current disturbed area associated with the Emery Mine is 66.7 acres (see Tables lll-1
and lL-z). The total area for alternate sediment controls is 12.47 acres (see Table Vl-21). This
represents about 19 percent of the total disturbed area at the mine site.

V1.4.2.3 Diversions

General Requirements. Diversions within the permit area consist of drainage ditches and
culverts. All diversions within the permit area have been designed to minimize adverse impacts to
the hydrologic balance, to prevent material damage outside the permit area and to assure the
safety of the public. All diversions and diversion structures have been designed, located,
constructed, maintained and used to:

. Be stable,
o Provide protection against flooding and resultant damage to life and property,
' 

il::"Jl'::'tH,:il:ll5oo:?',ffi 
'#::t:"ff | contributions of suspended sorids to

. Comply with all applicable local, State, and Federal laws and regulations

All diversions within the permit area are temporary and will be removed when no longer
needed. The diversions will be reclaimed in accordance with the plan deflned in Chapter lll.
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Peak discharge rates from the drainages flowing to the diversions were calculated based
on design storms varying from the 1O-year, 6-hour precipitation event to the 100-year,24-hour
precipitation event, depending on the diversion. Descriptions of the methods used and the
resulting calculations required to determine the peak discharge rates are presented in Appendix
Vl-6. The disturbed and undisturbed drainage areas for the facilities area are presented on Plates
Vl-10 and Vl-21.

All diversions are located as shown on Plate Vl-10. The capacity and freeboard of each
diversion were determined based on the minimum ditch slope, while the maximum velocity and
the need for channel armoring were based on the maximum ditch slope. Slopes were measured
either in the field or from the design topography. All diversion calculations are presented in
Appendix Vl-6.

Diversion of Perennial and Intermittent Streams. Consol constructed a crossing over
Quitchupah Creek in the late 1970s using a multi-plate arch on a concrete foundation. This
structure was constructed with concrete wingwalls and was equipped with a guardrail. The
crossing was installed to allow access to the stockpile area south of Quitchupah Creek. lt
replaced two 3-foot-diameter culverts which were determined to be undersized for design flood
conditions, Design information concerning this structure is provided in Appendices lV-7 and lV-
8 .

Diversion of Miscellaneous Flows. Diversion ditches and culverts have been utilized
within the permit area to divert miscellaneous flows from ephemeral disturbed- and undisturbed-
area drainages. Details regarding these diversions are presented in Appendix Vl-6. A summary
of these diversions is presented in Table Vl-18.

V1.4.2.4 Road Drainage

The access road to the mine is a public road that is owned and maintained by Emery
County. Drainage associated with this and other public roads in the permit and adjacent areas is
the responsibility of the County. Drainage from all routes within disturbed areas that are the
responsibility of Consol is controlled via sedimentation ponds or alternate sediment-control
methods. Drainage associated with these roads is addressed in Appendix lV-7 of this MRP.

V1.4.3 lmpoundments

Eight impoundments have been constructed within the permit area, five of which serve as
sedimentation ponds and three of which serve as mine-water discharge ponds. These structures
are located as indicated on Figure Vl-20 and Plate Vl-10. A ninth pond (Pond 7) has been
designed to provide sediment control in the area of a proposed coarse refuse disposal area (see
Plate Vl-10). Neither this refuse disposal area nor the associated pond has been constructed.
Pertinent information regarding these sedimentation ponds is presented in Sections Vl.3.2.2 and
V|'.4.2.2. An additional impoundment (Pond 4) has been removed from service.

V1.4.4 Discharge Structu res

Discharge structures within the permit area consist of spillways on each sedimentation
pond and outlets on the mine-water discharge ponds. The spillways on all sedimentation ponds
within the permit area will adequately pass the peak discharge from the 2S-year, 6-hour
precipitation event. Detailed information for each sedimentation pond is presented in Sections
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V!.3.2.2 and V|.4.2.2. The design calculations forthe discharge structures are presented in
AppendixVl-7. Detailed drawings of each discharge structure are presented on Plates Vl-14
through Vl-20.

V1.4.4.1 Erosion Protection

The outlets on each sedimentation pond and mine-water discharge pond associated with
the Emery Mine are periodically inspected to assess the need for erosion protection. Conditions
are currently adequate to reduce erosion, prevent deepening or enlargement of stream channels,
and minimize disturbance of the hydrologic balance at the pond outlets.

V1.4.4.2 Des ig n Standards

All discharge structures within the permit area were designed and constructed according
to standard engineering design procedures.

V1.4.5 Disposal of Excess Spoil

There is no excess spoil generated within the permit area.

V1.4.6 Coal Mine Waste

V1.4.6.1 General Requirements

All coal mine waste is currently contained within the development waste disposal area. A
coarse refuse disposal area has also been proposed, but not yet constructed. Information
regarding these disposal areas is provided in Chapter lV. All coal mine waste will be placed in a
controlled manner to minimize adverse effects of leachate and surface water runoff on surface
and groundwater quality and quantity.

V1.4.6.2 Refuse Piles

Based on the size, configuration, and open graded structure of the coal-mine waste, no
underdrains or rock core chimney drains were required. There are no springs or seeps within the
fill areas that require special treatment. All surface precipitation falling on the disposal areas is
channeled to sedimentation ponds. All surface drainage from the areas above the sites is
diverted around the disposal areas using diversion ditches. No permanent impoundments will
exist on the completed refuse piles.

V1.4.6.3 lmpounding Structures

There are no impounding structures within the permit area that are constructed of coal
mine waste or are used to impound coal mine waste.

V1.4.6.4 Return of Goal Processing Waste to Underground Workings

Coal processing waste is not returned to abandoned underground workings at this mine.

V1.4.7 Disposal of Noncoal Mine Waste

Disposal of noncoal mine waste is discussed in Chapter ll.
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V1.4.8 Casing and Sealing of Wells

Each monitoring well or other borehole associated with the Emery Mine has been cased,
sealed, or othenryise managed, as approved by the Division, to prevent acid or other toxic
drainage from entering ground or surface water, to minimize disturbance to the hydrologic
balance, and to ensure the safety of people, livestock, fish and wildlife, and machinery in the
permit and adjacent area. The drill logs and completion diagrams for the water wells are
contained in Appendix Vl-2.

lf a water well is exposed by coal mining and reclamation operations, it will be permanently
closed unless othenruise managed in a manner approved by the Division.

Vl.S Performance Standards

All mining and reclamation operations will be conducted to minimize disturbance to the
hydrologic balance within the permit and adjacent areas, to prevent material damage to the
hydrologic balance outside the permit area, and support approved post-mining land uses.

V1.5.1 Water Quality Standards and Effluent Limitations

Discharges of water from disturbed areas will be in compliance with all Utah and Federal
water quality laws and regulations and with effluent limitations for coal mining contained in 40 CFR
Part 434.

V1.5.2 Sediment Gontrol Measures

All sediment control measures will be located, maintained, constructed and reclaimed
according to plans and designs presented in Sections Vl .3.2,Vl.4.2, and V|.6.

V|.5.2.1 Siltation Structures and Diversions

Siltation structures and diversions will be located, maintained, constructed and reclaimed
according to plans and designs presented in Sections V1.3.2,Vl.4.2, and V|.6.3.

V1.5.2.2 Road Drainage

All roads that are the responsibility of Consol will be located, designed, constructed,
reconstructed, used, maintained and reclaimed according to plans and designs presented in
Sections V1.3.2.4,V!.4.2.4, and Vl .6.2. Any roads that are the responsibility of Consol have been
constructed to:

Control or prevent erosion, siltation and the air pollution attendant to erosion by
vegetating or othenruise stabilizing all exposed surfaces in accordance with current,
prudent engineering practices;
Control or prevent additional contributions of suspended solids to stream flow or
runoff outside the permit area;
Neither cause nor contribute to, directly or indirectly, the violation of effluent
standards given under Section V|.5.1.
Minimize the diminution to or degradation of the quality or quantity of surface- and
ground-water systems; and
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Refrain from significantly altering the normal flow of water in streambeds or
drainage channels.

V1.5.3 lmpoundments and Discharge Structures

lmpoundments and discharge structures will be located, maintained, constructed and
reclaimed as described in Sections V|.3.3, V|.3.4, V1.4.3, V|.4.5, and V1.6.

V1.5.4 Disposal of Excess Spoil, Coal Mine Waste and Noncoal Mine Waste

Disposal areas for coal mine waste and noncoal mine waste will be located, maintained,
constructed and reclaimed as described in Sections V|.3.6, V|.3.7, V|.4.6, V1.4.7, Vl.6 and Chapter
il.

V1.5.5 Casing and Sealing of Wells

All wells will be managed as described in Sections V|.4.8 and V|.6.5. Water monitoring
wells will be managed on a temporary basis as described in Section V1.3.8.

Vl.6 Reclamation

V1.6.1 General Requirements

A detailed reclamation plan forthe mine is presented in Chapter lll. In general, Consol will
ensure that all temporary structures are removed and reclaimed. No permanent sedimentation
ponds, diversions, impoundments, or treatment facilities are anticipated under the reclamation
plan.

V1.6.2 Roads

A road not to be retained for use under an approved post-mining land use will be
reclaimed immediately after it is no longer needed for coal mining and reclamation operations.

V1.6.2.1 Restoring the Natural Drainage Patterns

All natural drainage patterns will be restored during reclamation.

V1.6.2.2 Reshaping Gut and Fill Slopes

All cut and fill slopes will be reshaped to be compatible with the post-mining land use and
to complement the drainage pattern of the surrounding terrain.

V|.6.3 Siltation Structures

V1.6.3.1 Maintenance of Siltation Structures

All siltation structures will be maintained until removed in accordance with the approved
reclamation plan.
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V1.6.3.2 Removal of Siltation Structures

When a siltation structure is removed, the land on which the siltation structure was located
will be regraded and revegetated in accordancewith the reclamation plan presented in Chapter lll.

V1.6.4 Structure Removal

A timetable for the removal of each structure is presented in Section lll.A.2 of this MRP.

V1.6.5 Permanent Gasing and Sealing of Wells

When no longer needed for monitoring or other use approved by the Division upon a
finding of no adverse environmental or health and safety effects, or unless approved for transfer
as a water well, each monitoring well or borehole associated with the Emery Mine will be capped,
sealed, backfilled, or otherwise properly managed, as required by the Division. Permanent
closure measures will be designed to prevent access to the mine workings by people, livestock,
fish and wildlife, machinery and to keep acid or other toxic drainage from entering ground or
surface waters.
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Water Right
Numbe/") Owner Source Quantity Use(o) Status

94-2 Muddy Creek
lrriqation Companv

North Fork of Muddy Creek 5 1 . 3  A F Dom,
lrr, Stk

Claimed

94-30 Osburn Bret Carter
and J.R. Lawrence

Three unnamed springs 0.45 cfs lrr Certificated

94-52 Consolidation Coal
Companv

Underground water well (Mine
supplv vard)

2400 AF Ind,lrr Approved

94-53 Consolidation Coal
Comoanv

Underground water well
(Kemmerer well)

3.0 cfs lnd Approved

94-54 Consolidation Coal
Companv

Underground mine (Borehole #3)
and two orooosed wells

5.0 cfs Ind, lrr,
stk

Approved

94-64 Consolidation Coal
Company

Underground water well 5.0 cfs lnd Approved

94-65 Town of Emery Underground water well O.27 cfs Dom,
Mun

Claimed

94-8',| Osburn Bret Carter
and J.R. Lawrence

Underground water well 0.037
cfs

lrr, Stk Claimed

94-92 Consolidation Coal
Companv

Christiansen spring stk Claimed

94-285 Consolidation Coal
Company

Underground mine (Borehole #1
and supplemental)

5.0 cfs Ind,
Min,
Pwr

Approved

94-303 Town of Emery Underground water well 0.45 cfs Dom,
Mun

Certificated

94-324 Morgan Robertson Underground water well (Lewis
well)

0 .015
cfs

Dom,
lrr, Stk

Claimed

94-732 U.S. Bureau of
Land Manaqement

Quitchupah Creek stk Claimed

94-939 U.S. Bureau of
Land Manaqement

Intermittent stream stk Claimed

94-1080 U.S. Bureau of
Land Manaqement

lntermittent stream stk Claimed

94-1 180 Morgan Robertson Quitchupah Creek stk Claimed

94-1 189 Canyon Fuel
Companv

Quitchupah Creek stk Claimed

94-1191 Osburn Bret Carter
and J.R. Lawrence

Quitchupah Creek 5.25 cfs lrr, Stk Claimed

94-1 193 Osburn Bret Carter
and J.R. Lawrence

Unnamed springs 0 .011
cfs

stk Claimed

94-1215 Castle Valley
Ranches

Unnamed springs 0 .015
cfs

stk Claimed

94-1216 Castle Valley
Ranches

Quitchupah Creek stk Claimed

94-1217 Castle Valley
Ranches

Quitchupah Creek stk Claimed

94-1285 Josiah K. and Etta
Marie Eardley

Quitchupah Creek stk Claimed

94-1315 I Alonzo Olsen I Quitchupah Creek stk Claimed

TABLE VI.l

Water Rights Near the Emery Mine
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Water Right
Numbel") Owner Source Quantitv Use(o) Status

94-1316 George E. Olsen Quitchupah Creek stk Claimed

94-1317 George E. Olsen Quitchupah Creek stk Claimed

94-1318 Josiah K. and Etta
Marie Eardlev

Quitchupah Creek stk Claimed

94-1716 U.S. Bureau of
Land Manaqement

Miller Canyon stk,
wtd

Claimed

(") See Plate Vl-3 for tocations. See Appendix Vl4 for additional information.(o) Dom = domestic, Ind = industrial, lrr = irrigation, Min = mining, Mun = municipal, Pwr = power, Stk =
stockwatering, Wld = wildlife
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I

TABLE VI.z

Monitoring Well Completion Information

Well
ldentification

Casing Diameter
( in)

Depth Drilled
(ft)

Well Depth
(ft)

Perforated Interval
(ft)

Quaternarv Deposits
RDAl 2 48 48 2343
RDAz 2 44 44 19-39
RDA3 2 52 52 2146
RDA4 2 54 54 1949
RDAs 2 57 57 22-52
RDA6 2 40 40 15-35
SM1-1 2 21 21 14-17
SM1-2 2 1 4 1 4 4-9
SM1.3 2 26 24 10-18
SM1.4 2 30 1 8 8-18

Blue Gate Member
AA 1 490 79 61-79
H 1 1140 808 755-775
I 1 728 335 60-315

R2 1 825 555 505-525. 545-555
T1 4.5 31 31 5-31
T2 4.5 345 342 31-342

USGS3-1 2 71 71 51-71
USGS4-1 2.5 30 30 10-30

Upper Ferron Sandstone
AA 490 212 168-188

Bryant 6 466 466 360466
H 1 1140 869 840-860
12 1 728 475 440460

Lewis 4 608 608 590-608
Muddv #1 2.5 162 162 122-162
Muddv #2 2.5 136 136 96-136

R2 1 825 620 600-620
T1 Unknown
T2 2 425 418 338418
TP 2 419 4 1 7 354417

USGSl -2 2 150 150 Open below 75'
Middle Ferron Sandstone

AA 1 490 396 336-356
H 1 1140 995 970-990
I 1 728 609 590-610

R2 1 825 820 800-820
L(lwer Ferron Sandstone

AA 1 490 460 420440
H 1 1140 1  1 3 5 1115-1135
I 1 728 728 700-720

Kemmerer 8 and 12 1 551 1543 1 368-1 543
R 1 1 884 880 840-860

WW1 Unknown
ZZ 4 390 390 310-330.380-390
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TABLE VI.3

Field Data from 197911980
lrrigation Return Flow Inventory

(")See Plate Vl-S
(o) NM = not measured

Location(") Date
pH

(units)
Temperature

(oc)
Diss. Oxygen

(mq/l)
Sp. Cond.

(umhos/cm)
Flow

(qpm)@)

SP.1 1U24n9 7 . 1 13 .5 3 .0 1  196 NM
06t11t80 7.9 26.4 8.6 1959 NM

SP-2 10n4n9 7.3 1 3 . 9 5.0 1 6 1 3 NM
06t11t80 7 .8 21 .1 6.8 1308 NM

SP-3 10124t79 7.3 12.9 7.6 1307 NM
06t11t80 7.8 1 8 . 3 9.4 1070 NM

SP4 10t24n9 7.3 14.5 8 . 1 1295 NM
SP-5 10t24t79 8 . 1 9.2 1 0 . 9 2015 1
SP€ 10t24t79 7.8 15 .9 9.2 1086 NM
SP-7 10t24t79 8.2 1 7 . 1 11 .1 1023 NM

06t11t80 7.6 18.4 8.4 1012 NM
SP-8 10124t79 8.3 16.1 9.3 732 NM

06111t80 7.8 19 .8 8.8 977 NM
SP-9 10t24t79 7.9 13.7 9.3 658 NM

06111t80 7.7 16.1 9.6 830 NM
SP-10 10t24t79 7.2 12 .9 9.0 1043 NM

06t11t80 7 .5 12.3 9.9 1051 100
SP-11 10t24t79 7.5 13 .8 9.2 800 NM

06/11l80 7.7 14.3 9.2 1272 NM
SP-12 1Qt24t79 7.9 1 5 . 1 8 .5 1338 NM

06t11t80 7.9 22.7 8 . 1 1040 1
SP-13 10t24t79 7.5 14.3 8.0 1046 NM

06t11t80 7.3 18.4 10 .0 897 NM
SP-14 10t24t79 7 .8 13 .3 8.3 1022 7

06/11l80 6.3 14.2 8.4 1280 3



TABLE VI4

Groundwater Quality Summary -
Quaternary Deposit Wells

TABLE VI.s

Groundwater Quality Summ ary -
Blue Gate Member Well

Parameter Units Maximum Minimum Mean
pH (lab) units 11.8 6.7 7.7
Specific conductance (lab) umhos/cm @25oC 51 .1  00 2610 11,960
Total dissolved solids mg/l 92,910 940 16,560
Calcium mg/l 950 46 370
Maqnesium mg/l 5,250 30 900
Potassium mg/l 780 2 32
Sodium mq/l 19.300 231 4,1 80
Bicarbonate mq/l 9,629 0 709
Carbonate mq/l 301 0 5
Chloride mg/l 2,998 11 620
Sulfate mg/l 94,336 287 10,670
lron (dissolved) mq/l 130 0 3057
Manganese (dissolved) mg/l 12.6 0 0.92
Acidity mgll 0 0 0
Total alkalinity mg/l 7,893 168 681

Parameter Units Maximum Minimum Mean
pH (field) units 7.3 6.9 7.0
Specific cond uctance (field) umhos/cm @25oC 17,920 3,530 8,860
Total dissolved solids mg/l 24,232 4.531 16.490
Calcium mg/l 622 193 391
Magnesium mg/l 421 210 282
Potassium mg/l 52 21 29
Sodium mg/l 5,405 268 4,222
Bicarbonate mg/l 727 304 465
Carbonate mg/l <5 < 1 <5

Chloride mg/l 450 29 141
Sulfate mq/l 16.000 2,513 10,670
lron (dissolved) ms/l 2.2 o.o2 0.63
Manganese (dissolved) mg/l 1.13 0.20 0.44
Addity ms/l
Total alkalinitv mg/l 727 304 443
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TABLE VI.6

Summary of Pumping Tests Conducted
in the Ferron Sandstone

(")See Plate Vl-4
(o) USGS data are reported by Lines and Morrissey (1983). Consol data are presented in Appendix Vl-3.
(")Average of test analyses, based on a saturated thickness of 115 feet at the test location.

Well
Location(")

Geologic Unit
Tested

Type of
Test

Transmissivi$
fffldav\

Storage
Coefficient

Testinq
Entitv@l

Bryant Kmf(u) Recovery 200 USGS
Emery Town Kmf(l) Drawdown 800 USGS

Recovery 600 USGS
EMRIA #2 Kmf(u), Kmf(m) Drawdown 100 7x10 USGS
EMRIA #3 Kmf(u) Drawdown 20 2x10'" USGS

Recovery 10 USGS
Kemmerer Kmf(l) Drawdown 400 USGS

Recoverv 600 USGS
Mine Water Well Kmf(l) Drawdown 750 Consol
Muddv #3 Kmf(u) Recovery 40 USGS
T1 (COWIU5OI) Kmf(u) Drawdown 5 4x1Q' Consol
USGSl -1 Kmf(l) Recovery 100 USGS
USGS1.2 Kmf(u) Drawdown 100 8x1 0* USGS
USGSl-4 Kmf(u) Recovery 30 USGS
Walker Flat MW-PW Kmf(u) Drawdown 15(", Consol
Walker Flat MW-20 Kmf(u) Drawdown 711") 1.7x10-" Consol
Walker Flat MW-50 Kmf(u) Drawdown 1 10("/ 2.2x10-' Consol
Maximum 800 2.2x1Q'"
Minimum 5 4x10'
Average 230 1.3x10-"
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Year
Discharge

(cfs) Year
Discharge

(cfs) Year
Discharge

(cfs)
Prior to temporary shutdown Durino temporarv shutdown After temporary shutdown

1979 0.70 1 991 0.97 2002 0.54
1 980 1 .11 1992 1  .10 2003 0.60
1 981 0.68 1 993 1 .33 2004 0.77
1982 1 .O7 1994 0.88 2005 0.62
1 983 1.20 1 995 1 .18
1984 1.00 1 996 0.67
1 985 0.80 1997 1 .14
1 986 0.60 1 998 1 .09
1987 1.00 1 999 1.03
1 988 1.10 2000 1.03
1 989 0.90 2001 0.90
1 990 0.99

Averaqe 0.93 Average 1.03 Average 0.63

TABLE VI-7

Emery Mine Average Annual Discharge Data
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TABLE VI.8

Groundwater Quality Summ ary -
Ferron Sandstone Wells

Parameter Units Maximum Minimum Mean
Upper Ferron Sandstone

pH (lab) units 9.9 4.0 7.9
Specific conductance (lab) umhos/cm @25oC 6.500 880 1,810
Total dissolved solids mg/l 8,788 429 1.621
Calcium ms/l 376 1 88
Magnesium mg/l 474 1 68
Potassium mg/l 17 1 4
Sodium mq/l 2.030 90 427
Bicarbonate mg/l 627 29 303
Carbonate mg/l 490 0 138
Chloride ms/l 209 8 45
Sulfate mq/l 6,884 72 863
lron (dissolved) mq/l 24 0.02 1 .55
Manganese (dissolved) ms/l 0.67 0.008 0.22
Aciditv mg/l 0 0 0
Total alkalinitv mg/l 580 88 353

Lower Ferron Sandstone
pH (lab) units 10 .0 7.3 8.2
Specific conductance (lab) umhos/cm @25oC 2.200 580 1,090
Total dissolved solids mq/l 1,320 526 685
Calcium mo/l 17 1 4
Magnesium mg/l 14.4 0.9 8.0
Potassium msll 6 2 3
Sodium mg/l 348 169 231
Bicarbonate mq/l 654 80 290
Carbonate ms/l 424 13 131
Chloride mg/l 75 12 19
Sulfate mg/l 660 1 203
lron (dissolved) ms/l 19 <0.01 2.0
Manganese (dissolved) mq/l 0.02 0.001 0.008
Aciditv mq/l
Total alkalinity mg/l 650 150 376
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(") See Figure Vl-14

TABLE VI-g

Results of 1977-1978 Streamflow Study

TABLE VI.lO

Results of USGS 1978 Seepage Study

Location(")
Instantaneous Discharqe (cfs) by Date

25-26 Oct 1977 8-9 Feb 1978 12-13 Apr 1 978 26-27 Jul 1978
Christiansen Wash

A 0.129 0.234 0.523 0.441
B 0.223 0.399 0.559 1.682
c .0267 0.323 0.597 0.980
D 1.100 0.913 1.267 2.020
E 0.646 1 .105 0.891 1.722
F 1.025 0.657 1.365 4.321

Quitchupah Creek
G 0.000 1 .071 3.833 0.000
H 0.501 4.274 17.87 0.800
I 0.898 7.018 22.00 0.650
J 0.690 3.902 13.38 0.699
K 0.951 2.650 15.78 2.140
L 1.123 3.869 14.84 2.450

Location(")
Instantaneous Discharge (cfs) by Date

13 Auq 1978 9 Sep 1978 18 Nov 1978 19 Nov 1978
Christiansen Wash

M 1.72 0 .1  1 0.43
N 1.69 0.34 1.26

Quitchupah Creek
o 0.67 o.34
P 0.91 0.69 0.18
o 0.00 o.o2 1.42
R 0.00 0.00 0.04
S 0.26 1.40 0 .12
T 1 .68 2.09 2.39

(') See Figure Vl-15
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TABLE VI-l{

UPDES Discharge Monitoring Point Descriptions(')

(")All outfall numbers are associated with UPDES permit number UT0022616. Discharge locations are noted
on Plate Vl4. Outfall number 008 was intended for a sedimentation pond that was not constructed. MRP
pond numbers correspond to information contained in DOGM permit 015/015. Surface water monitoring site
numbers correspond to sampling locations noted on Plate Vl-4.

Outfall
Number

MRP Pond
Number

Surface Water
Monitorinq Site

Source Description

Correlated bv UPDES Outfall Number
001 1 6 Underground mine pump No. 1 to surface

discharge pond
002 2 7 Sedimentation pond east of mine office

003 6 12 Underground mine pump No. 3 to surface
discharqe pond

004 Farmer's Pond 13 Underground mine pump No. 3 (alternate
discharge location)

005 3 14 Sedimentation pond southeast of mine
office

006 8 Sedimentation pond south of mine office

007 5 11 Sedimentation pond at location of
formerlv proposed preparation plant

009 I Sedimentation pond at 4"' East portal
facilitv

Correated by Pond Number Correlated bv Surface Water Monitoring Site
MRP Pond

Number
Outfall

Number
Surf. Water
Mon. Site

Surf. Water
Mon. Site

MRP Pond
Number

Outfall
Number

1 001 6 6 1 001
2 o02 7 7 2 002
3 00s 14 11 5 007
5 007 11 12 6 003
6 003 12 13 Farmer's 004
8 006 14 3 005
9 009 8 006

Farmer's 004 13 9 009
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TABLE VI-12

Surface Water Quality Summary

(")All concentrations in mg/l except pH (units), specific conductance (umhos/cm @25oC), and total salt load
(tons/day)

Parameter
Averaoe Concentration(")

SWMS-1 SWMS-14 SWMS-2 SWMS-3 SWM54 SWMS-5 SWMS-8 SWMS-9 SWMS-10
pH (field) 7.9 8 .1 7.9 8.0 8.0 8.2 8.0 7.9 8.0
So. Cond. (field) 1570 1220 3240 1 6 1 0 1620 2270 5800 3180 1940
Total Diss. Solids 1240 868 2860 1400 1340 1900 10060 2390 1970
Total Salt Load 12.2 23.4 20.5 48.6 31.7 22.0 1 . 4
Total Susp. Solids 543 272 789 680 700 567 674 508 238
Calcium 106 89 197 105 102 139 229 1 8 1 180
Maqnesium 69 60 176 79 71 120 451 190 1 7 2
Potassium 4 4 7 4 4 5 1 5 8 6
Sodium 192 97 457 2 1 1 213 247 2880 322 1 9 1
Bicarbonate 333 300 377 326 328 336 456 283 283
Carbonate I 9 1 5 1 4 1 4 1 5 43 1 7 1 7
Chloride 35 30 51 38 42 35 580 123 132
Sulfate 644 390 1650 735 705 1020 6550 1 3 1 0 1020
lron (diss.) 0.33 o.22 0.5 0.3 0.3 0.5 0.04 0.2 0.2
lron (total) 7 .1 4.0 7.3 5.2 5.2 4.6 8.4 5.8 1 . 5
Manqanese (diss.) <0.1 0.03 0 . 1 8 0.03 0.02 0.07 <0.05 0.06 0.06
Manqanese (total) 0 . 1 8 0.09 0.37 0 . 1 9 0 . 1 8 0.24 0.23 0.23 0 . 1 3
Aciditv 2.6 5 4.4 <5 <5 <5 <5 2 <5

TotalAlkalinity 3 1 0 274 3& 304 304 3 1 0 435 263 261
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TABLE VI.13

Comparison of Mine-Water Discharge Rates
Using Two Analytical Methods

(Mass Balance Approach)

TABLE V1.14

Predicted Mine-Water Discharge Rates
(Mass Balance Approach)

Year
Mine-Water Discharqe Rate (cfs)

Measured
discharoe

Hantush inflow
equation

Tunnel inflow
equation

1 980 1 .11 1 .05 1  1 .38
1 981 0.68 0.96 1.38
1982 1 .07 1.04 7.42
1 983 1 .20 1 .08 1 .98
1984 1.00 0.98 2.13
1 985 0.80 0.66 7.60
1 986 0.60 0.79 1 .67
1987 1.00 1 .09 2.95
1 988 1  . 10 1.03 7 .13
1 989 0.90 0.95 12 .10
1 990 0.99 1 .07 2.47

Average 0.95 0.97 5.29

Year
Predicted Discharge

(cfs)
2006 1 .29
2007 1  . 19
2008 1.33
2009 1 .77
2010 1 .28
2011 1 .52
2012 1 .63
2013 1 .98

Averaqe 1.50
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TABLE VI.{s

Predicted Mine-Water Inflow and Discharge Rates
(MODFLOW Approach)

(') Based on in-mine water usage of 0.40 cfs (see discussion in text)

TABLE VI-{6

Comparison of Average Water Quality Data Collected
From the Ferron Sandstone and the Emery Mine

Year
Predicted Inflow (cfs)

Worst-Case
Drawdown Scenario

Unit-Area
Inflow Estimate

Worst-Case
Inflow Scenario

2007 1 .37 1.57 1 .63
2008 1.46 1.92 2 .13
2009 1 .51 2 .17 2.51
2010 1 .56 2.38 2.87
2011 1 .69 2.70 3.43
2012 1 .72 2.85 3.71
2013 1 .99 3.22 4.27
2014 1 .96 3.33 4.44
2015 2.14 3.76 5.29
2016 2.12 3.89 5.68

Average
lnflow

1 .75 2.78 3.60

Average
Discharqe(")

1.35 2.38 3.20

Source
TDS
(ms/l)

Anions (mq/l) Cations (mq/l)
HCO" cl SOa Ca K Na Mq

Uoper Ferron SS("' 1 566 303 45 799 86 36 407 65
Lower Ferron SSt"' 685 290 1 9 203 4 3 231 8
Mine roof samples("' 1025 31 264 I 322 22
Other mine samples(o) 4106 241 2298 146 680 168
Pond 1 mine water("' 3812 384 140 1923 169 8 838 152
Pond 6 mine water(" 2410 324 60 1094 38 4 463 32

(") See Appendix Vl-1
(o) Average of limited Consol sampling
(") See Appendix Vl-12
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TABLE V1.17

Emery Mine Hydrologic Monitoring Program

Parameter Surface Water
Monitorinq Stations

Wells and
Sprinqs

UPDES
Outfalls

Field Measurernents
Flow X X
Water Level X
pH (field) X X X
Sp. Cond. (f ield) X X
Water Temp. (field) X X

Laboratory Measurements
Total Settleable Solids X
Total Suspended Solids X X
Total Dissolved Solids X X X
Total Hardness (as CaCO") X X
Oil and Grease X X
Aciditv (as CaCOr) X
Carbonate X X
Bicarbonate X X
Alkalinitv (as CaCOa)
Calcium, Total X
Calcium, Dissolved X X
Chloride X X
lron, Total X X
lron. Dissolved X
Maqnesium, Total X
Magnesium, Dissolved X
Manganese, Total X
Manganese, Dissolved X
Potassium, Total X
Potassium. Dissolved X
Sodium, Total X
Sodium, Dissolved X
Sulfate X

Notes:
. Surface water flows and analytical data are recorded quarterly.
o Water levels in wells are recorded quarterly. Analytical samples are collected from all

wells quarterly except the RDA wells, which are sampled annually.
. Spring flows are measured quarterly. Analytical samples are collected from springs during

the second and third quarters of each year.
. UPDES outfalls are monitored in accordance with permit UT0022616
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TABLE VI.l8

Summary of Operational Diversion Ditches and Culverts

Structure Design
Event

Ditch Features
Culvert
Type

Bottom
width (ft)

Side Slopes
(H:V)

Design Flow
Depth (ft)

Waste Disposal
Site Diversion

1OO-yr,24-
hr

14 3:1 2 .1 NA

4"' East Portal
Stream Diversion

10-yr, 24-hr 6 2:1 1 .7 NA

Prep. Plant Ditch
and Culvert

10-yr, 24-hr 10 2 :1 0.3-0.5 30 'CMP

Ditch and Culvert
No. 1

1O-yr, 6-hr 0 4.1 o.7 19" cMP

Ditch No. 2 1O-yr, 6-hr 0-2 2 .1 0 .3-1 .0 NA
Ditch No. 24 100-vr. 6-hr 0 2 :1 1 .0 NA
Ditch No. 3 10-vr. 24-hr 2 2 :1 1 .1 NA
Ditch No. 3A 10-yr, 24-hr 2 2 :1 0.4 NA
Ditch No. 4 10-yr, 24-hr 2 2 :1 0.4-0.6 18"  CMP
Ditch No. 5 10-yr, 24-hr 2 2 .1 0.8 NA
Ditch No. 6 10-yr, 24-hr 0 2 :1 0.6 NA
Arch Culvert on
Quitchupah Creek

25-yr,24-hr NA NA NA 15'x10'pipe
arch

vt-55



TABLE VI-19

Pond Sediment Storage and Cleanout Quantities

TABLE VI.2O

Pond Storage and Spillway Capacity Data

Pond
No.

Desiqn Quantities Cleanout Quantities
Volume

(AF)
Top Elevation

(ft)
Volume

(AF)
Cleanout Elevation

(ft)

1 10.3 5937.7 6.2 5935.7
2 0.83 5905.3 0.50 5903.0
3 1 .14 5906.5 0.68 5905.0
5 1  .13 5944.6 0.68 5943.8
6 7.5 6014.8 4.5 6012.5
8 2.00 5910.0 1 .35 5909.0
I 0.32 6052.5 0 .18 6051 .7

Pond
Runoff Storage
Capacity (AF)

Spillwav Capacitv
Desiqn Storm Peak Outflow (cfs)

1 0.44 25-yr,24-hr 7.9
2 0.68 25-vr.24-hr 1 .0
3 0.37 100-yr, 6-hr 2 .1
5 3.70 25-vr,24-hr 4.0
6 9 .18 25-yr,24-hr 3.6
I 1 .07 100-yr, 6-hr 1 .8
9 o.22 25-vr.24-hr 3.9

vt-56



TABLE VI-21

Alternative Sediment Controls

Site Area
(ac)(")

Alternative Sediment Control Method
Catch
Basin Berms

Rock Check
Dams

silt
Fences

Vegetative
Cover

Southeast mine office
area

0.6 X

4"' East portal topsoil
stockpile

1 .0 X X

4"'East portal
excavation stockpile

4.0 X

4'n East portal
perimeter

0.4 X

Topsoil stockpile T-3 1 . 3 8 X X
Pond No. 6 topsoil and
subsoil stockpiles

0.85 X X

Waste disposal site -
Ditch No. 6 and Subsoil
stockpile S-2

1 . 8 8 X X X

Borehole pump No. 1 0 .17 X
Borehole pump No. 2 0.92 X
Borehole pump No. 3 0.86 X X X
Reveqetation test plot 0.34 X
Fire control area 0.07 X

(") Total area included in alternative sediment controls = 12.47 ac
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A,  PRE.  M IN ING PATTERN

B. TRANSIENT PATTERN

C, STEADY. STATE PATTERN
land qrrface

[$coxsol€N€RcY

FIGURE VI-8. APPROXIMATE PRE-MINING, TRANSIENT, AND STEADY-STATE
GROUNDWATER FLOW AROUND THE EMERY MINE (FROML|NES, 1987).
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END

FORCASTED PANELS

PREVIOUSLY MINED

- 6050.0 -

/

PIEZOMETRIC SURFACE CONTOUR

APPROXIMATE OUTCROP OF FERRON
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o - - -

s",
I

/

;
-

I

,2010

-f

- r-t""o

CONSOLIDATION COAL COMPANY
P.O. BOX s66

SESSER, IL 62884-0566

FIGURE VI-18.
PREDICTED PIEZOMETRIC SURFACE OF
PPER FERRON SANDSTONE, YEAR 2016,

WORST-CASE SCENARIO
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ST.EL OR WOOD POST
36" (tm) H/GH MAX.

a 
FLOIy
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(Joomm)
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TRENCH WTH COfuIPACTED
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TRENCH DETAIL
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@ r99+ JoHN MccuLrtH

FIGURE VI-19. SILT FENCE INSTALLATION DETAIL
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APPENDIX U.{

Groundwater Monitoring -
Water Quality Data
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û',

o
o

..{
3
o

.i

o
qf

q)

P

-t)

rU

o)

t{

o.
o.

v)
.t)

tt

t]
0)
.p
r!
B

;
o
c*-
FT

;
z

o r ) l
& (tl
( 9  . F l

Nl utl Lol
Ff cnl : ral
{  - \ l ) 1  d l
F cll Lol al
Z r i l . . :
td - slt vt
E dl Lol ml
L l  i l l  . - l
Fl \ r--l Jl
O r N s l  .
O r  |  ! . a l
D st c'l orl
0O Or vl r l

; ;  . .
l n O ( J
O x ; 1  -
Z e j =
f i l ( ) \ . .

4 F f r ]

D I d r d l
O ] ( / J ( J F

o
N E
r p

v
o l O

t{
. o orH o)
q . :
o g

'.1 .d
.lJ .{
d
U r o
"{ 

-.r
l{
.lt a
H d

h E
Q - r  . I n

. .  t t t  o  .  a
z  - l  . 9
o  h u
H H  ' t !
F {  p . o  . O
4  P . '
( 9  p  s  . L l
x ( 4 o . r . o
&  u ,  ' A
c (  O b  . r J
H d  . A
l +  O  l {  . r *
i + t 4  c ,  ' r +
l+'1. -tJ . :F

t ( d
r E

+
+
I
t
+
t*
+
l.
HI
Efl
OI
H I

"lx l
Fll
H I

#i
ftt I
o l

U,i
H I
o
D I

+
i
4
t
+*.|
+
4

L;
H
t4

v;
fd
FI
d
o

(o

U

. 4

+J
fU

!
l r N

H N
v L O

! o s
O d o
q)

I T  X F

o  ' l i

1 , O a )
) . Q

E A ! ' l

E O

2 4 ,

t-r

N

r-

t;
F
4

2

d
+J
(6
o
tn

.Fl

.cu
lt-{
o
>r
o
f0
t{
a
o
U
( d o

6

o ss
+J c;

z
o
+ J F

o l {
d

o
e

. F {

.d
-l Fr

o 9
oaz
@ o
o z

J 4 t
d E
d 4
H  , 1

a \
+ r 7

fn F.
. ; f l
d ;

|l

r { *
o a
+)
d
F

Ht
H $
z cr,
&
r { E r

E6
a
&
t:.1

B

rs l,FI
ry

o
P

o
5
I('
o
a

c\
I

.f,
o\
l l

I

v
k
B
O
X
0,)
+i

L{

9.

B
V)
q
g
cg

p
o

bo
;
CS

P

a
t-'!

bo
$-r
Lr
c)
ad

-
c\

l-.

3
l-r

il.
P
+,

v

c\l+c
F

=
A,
,-



o o o o o o o o o o o o o o o o o o o o  o o o o o  o o o o o o  o o o o o o o o o o o o
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o

d -l \O cl f- 6 Or c!O\ rOc) tr- @ \O\I) c) N s v @ s f) O d N \O s d O N t+ O @ d rn @ rl N J C) d (O O @
O  O  ( ' N d  F -  r + o f -  @ C t N  r n ( n  i i C !  s  o l l s  s  d ( o  C O  t - -  F  t =  C n  g . ) ( \ r O F -  O  O  r l  o \ O c 1 F r  r a  s N @ ( ' ) d O

-,i ,i
. l J  O  N  L O d  f )  s ! O  s  l - -  ! O O  \ O f ) t +  O N  N  r r  N  U : ) r n  N  F -  \ . o N  i  \ O ( O O  F  f * -  O  N f -  \ g r -  C !  s  L n c O N O r  r n O r
O  + J  t r - ) r O \ o c . r  r O \ o  d  N  d  o ) N  d c 1  \ o  I  ( n  o ( \  o  N  s  \ o  o r d t - -  c !  ! O r O  r ) O @ @ d  ( n o l m F .  o r  ( n
o  o  N  ( . ) N  r n c {  r a . +  d  d d  ( n s d  N r { r i ( 7 }  r t r t N d  d
( l ) F {

l i  * + l l + + i  t * + + i * * + + i * + l  i * + + + + + + + * + + + * * + + + l * * + i
I  l o  l o  |  |  |  |  |  l o o o  I  l o o o o  l o  I  l o o o o o  I  I  I  l o o o o o o o o  I  I  I
I  l o  l o  |  |  |  |  |  l o o o  I  l o o o o  l o  I  l o o o o o  I  |  |  l o o o o o o o o  |  |  |
I  l d  l d  |  |  |  |  |  | L o o ' L r )  |  1 o ) d o \ F -  l c . r  I  l d o r \ o d  |  |  |  l @ o r \ o \ o r . F - o r o  I  I  I
I  L l  l r -  l \ o  |  |  |  |  |  l c l a c o  I  l o o s o  l s  I  l o o F d c !  |  |  |  l d f - ( f ) @ r o N v  |  |  |
t a  |  |  t t t t t t  t i  I  t t  t t t l  t t l
I  l d  l r - .  I  I  |  |  |  l c o c ! \ o  I  l s s o f )  l @  |  l @ o r - - r n L r )  |  |  I  l \ o o t * - @ c ! 0 1 l " o )  I  |  |

&  |  |  |  |  |  |  |  l c . r c l r . r  |  |  N N d  l d  I  l ; s  c - )  |  |  |  |  r n i N  N  d  |  |  |

F  l o  l o  l o o o  l o o  l o  I  l o o o o o  |  |  l o o o  l o o o  I  l o o o o < > o < ) c )  |  |  |
&  l o  l o  l o o o  l o o  l o  I  l o o o o o  |  |  l o o o  l o o o  I  l o o o o o o o o  I  |  |
{  l c o  l \ o  l ( o s o r  l o r - r  l o  I  l o ' r o f - s F -  |  |  l c t r \ o  l o r r - o \  |  l r n N s @ r t L o ( - ) d  |  |  |
D B  l r a  l l o  l o c . l c o  l N c . J  l o  I  l @ r o r o N s  |  |  l \ o \ g F -  l r o l o o  I  l \ g o s o r r i - @ d  |  |  |
o ( r )  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |

I r o  l o  I \ o o r r  I n o  l o  I  l s a r o o  I  I  l \ o o r o r  l r s o  I  l d @ ! o o r t r ) N N o  |  |  |
F  l N  l d  |  . r d  l m r n  l r u  |  l r u a  N  |  |  |  r n  I N N  I  l d  i r  c o N d  |  |  |
u )  _ _
4  o  I  l o o o  I  |  |  l o o o  |  |  |  l o o o o  I  l o o o o o o  |  |  l o o o o  l o o o  |  |  I
l . l  o  I  l o o o  |  |  |  l o o o  |  |  |  l o o o o  I  l o o o o o o  |  |  l o o o o  l o o o  |  |  I

c !  |  l o c o o r  |  |  |  l s o r o r  I  I  I  l d \ o @ c a  I  l ( o o s c o o f -  |  |  l d \ o c n N  l s r n t o  |  |  |
I t ' l o \  |  l ( o d r -  I  |  |  l N d o  |  |  |  l s c o r - * o r  I  l s o r - r o m s  |  |  l o s d ( . )  l ( t \ o o \  |  |  |
E 4 z  I  I  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |

. D  ( . )  |  l r - s s  |  |  |  l c - c n o  I  I  I  l o v o m  I  | t r - ) @ @ o r o < )  |  |  l r - - o o \ o  l c n o \ o  |  |  |

. O  d  I  l d  |  |  |  I  N  |  |  |  |  I  I  d ( \  c t c !  |  |  l c - ) m r t r )  l c r a  |  |  |

.  c o _ _
'  I  o o  |  |  l o o  I  l o o  |  |  I  l o o o  l o  |  |  l o o o  l o  l o  I  l o o o o  l o o o  I  |  |
.  I  o o  |  |  l o o  I  l o o  |  |  |  l o o o  l o  |  |  l o o o  l o  l o  I  l o o o o  l o o o  |  |  |
.  I  r ) s  |  |  l a ) \ o  I  l f ) r )  |  |  |  l r L n r  l o r  |  |  l r - s N  l r  l o  I  l s @ o o  l N o Y  |  |  |
'  I  l = L n \ o  |  |  l s s  I  l a o  |  |  |  l s < s  l c l  |  |  l c . t s t o  l r ' -  l c {  |  l m F - r o  l o r c D N  |  |  |. t z  t t t  l t  t t t t  I  t l l  |  |  t t  I  t t l
.  r  L n o  I  I  l r ) d  I  l \ o d  |  |  |  l o r o  l d  |  |  l f . ) ( o N  l d  l N  I  l N r - . r ) o  l N v ( o  |  |  |
.  I  d d  |  |  l d d  I  l c n a  |  |  I  I N N N  l c . r  |  |  l d d N  l a )  l d  I  l o d r ) v  l N m  |  |  |
. l  *  I  +  +  *  I  *  {  |  *  +  *  +  i  *  *  +  +  I  +  +  +  +  *  +  +  +  i  *  *  +  +  +  +  +  *  i  +  +  +  +  *  *  +
.  |  |  l o  I  l o  |  |  l o a  l o o  l o  |  |  l o  I  I  I  l o o  l o o o  I  l o o o o o o o o  |  |  |
'  I  I  l o  I  l o  I  I  l o o  I o o  l o  I  I  l o  I  |  |  l o o  l o o o  I  l o o o o o o o o  |  |  I
. l  I  l @  |  l o '  |  |  l o r . r )  l o ' o '  l o  |  |  l c r r  |  |  |  l s @  l \ o L o q  I  l c o t - d r r d F - L o ( r )  I  |  |
.  I  E l  I  l @  I  l \ o  |  |  l . o v  l \ o o  l r n  I  I  l e r  I  I  I  | L r ) d  l o \ r = o r  I  l ( r ) r i r - - N @ d l = t o  |  |  |' t t i )  t t  t t  t t t  |  |  t t t  l t t t  I  l t  t t l
.  |  |  l \ o  I  l N  I  I  l \ o N  l \ o o  l o r  |  |  l L o  |  |  I  l s @  l t = N d  I  l o r N r o c a v o F s  |  |  |
' &  I  I  I  l d  |  |  l c n +  l c . r  l o  I  I  l a  |  |  |  |  d  l N ( n N  |  |  i l d N t r - ) c n d  |  |  |

. F  I  l o  I  l o  |  |  l o o  l o o  l o  l o o o  I  l o o o  I  l o o o  I  l o o o o o o o  l o  I  I
' &  |  l o  I  l o  |  |  l o o  l o o  l o  l o < > o  I  l o o o  I  l o o o  I  l o o o o o o o  l o  |  |
. {  I  l s  I  l @  |  |  l m o r  l c o F -  l c o  | L r ) L ' ) N  I  l d o @  |  I N F - r ' -  |  l N r - F o r N r - ' c n  l o  I  I
. D B  I  l c r  I  l o  I  I  l ( o ( n  l m v  l s  l r n r - ' o r  I  l r - o r * '  I  l o N c o  I  l \ o s ! o c { o @ s  l t o  |  |
' o ( ,  I  I  I  |  |  I  |  |  |  |  |  |  |  |  |  |  |  |  |
.  I  l ( r )  |  l F  |  |  l c o F -  l . o F  l c o  l \ o c D r o  I  l \ o o ( '  I  l s s N  I  l . o t r ) o r o o d r -  l o '  |  |
' F {  |  |  |  |  |  |  l c . :  l c l o  l o  I  d  |  |  c a d  I  l o N  I  l c n N d  d N  I  I  I. ( , - -
. l ' l  o o o  I  l o  |  |  l o o  I  l o  l o o o  l o  |  |  l o o o  l o o o  I  l o  l o o o o o o o  |  |
. B  o o o  I  l o  |  |  l o o  I  l o  l o o o  l o  |  |  l o o o  l o o o  I  l o  l o o o o o o o  |  |
.  \ o d @  |  l m  |  |  l \ o r  I  l c . r  l c . r s o  l c . r  |  |  l s d o  l r o N  I  l @  l ( o \ o \ o d F 6 @  |  |
. : C t ' l @ r O o r  I  l o  |  |  l N d  I  l o  l > s s  l m  |  |  l c { r c n  l f ) v F  I  I o  l ( O @ n \ o s s o  |  |
' E j z  I  I  |  |  |  |  |  |  |  I  |  |  |  |  |  |  |  |
. D  N s \ o  I  l c l  |  |  l s r O  I  l o  l o r d c )  l n  |  |  l l n \ o \ o  l ( a o s  I  l \ o  l \ o \ o o \ o L o v L n  |  |
. O  I  l s  |  |  l o r n  |  |  l c r e  |  |  |  |  I r ) r . ) r n  I  l d  l C o N  N r n  |  |

'  I  l o o  I  l o  |  |  l o o  I  l o  t o  I  l o o  |  |  |  |  I  I  l o o o  l o  l o o o o o o o o  |  |
.  I  l o o  I  l o  I  I  l o o  I  l o  l o  I  l o o  |  |  |  |  |  |  l o o o  l o  l o o o o o o o o  |  |
'  I  l c r a  I  I s  |  |  l * r  I  l o r  l c . t  I  l c . t s  |  |  |  |  I  I  l o ( f ) o r  l s  l o l - ' . r c - - r r o \ o s  |  |
.  I  B  l o o '  I  l c t  |  |  l r - o  I  l f r  l n  I  l c l r -  |  |  |  |  |  |  l o s o  l o '  l o o \ @ c ) s \ o N r .  I  I
' t z  I  t t  t t t  t t  I  t t  t t t t t t t  |  |  t l
.  I  l ( n d  I  l o '  I  I  l o s  I  l c o  l r -  l  l ( o i  I  I  |  |  |  |  l o L o c f )  l N  l r o o r o o o \ o d o  |  |
.  I  l d N  I  l c . :  I  I  l c . r c . r  I  l c r  l d  j  I  d  |  |  |  |  |  |  l v d c \  l d  l d c .  r +  N N c !  |  I
' +  +  i  +  *  +  |  +  i  *  *  |  +  i  i  *  +  *  +  I  +  +  +  +  +  *  +  *  +  i  I  +  +  +  *  *  +  +  +  +  +  +  *  i  i
.  |  |  |  I  I  l o  I  |  |  l o  I o  I  l o o  I  |  |  |  |  l o  I  l o o o o  I  l o o o o  l o o o  I  l o
'  |  |  |  |  I  l o  I  I  I  l o  l o  I  l o o  |  |  |  I  I  l o  I  l o o o o  I  l o o o o  l o o o  I  l o
'  r  |  |  |  |  l c . r  I  |  |  l s  l o  I  l c o r o  |  |  |  |  |  l N  I  l F r - \ o s  I  l m c o L o d  l N r r - r {  |  l o
.  I  L l  |  |  i  I  l c o  |  |  |  l \ o  l c . )  |  l c r v  I  I  |  |  |  l v  I  l v F - \ o r -  |  l \ o m t r ) o r  l F  o r d  I  l r r' t a  t t t t t  t t t t  I  t t  t t t t t t  t t  t t  I  t l
'  |  |  |  |  |  l o r  |  |  |  l o  l \ o  I  l o . r o  I  |  |  |  |  l o  I  l d d o t o  I  l N o r \ o I r )  l r - ' N ( t  I  l d
' &  |  |  |  |  |  |  |  |  l . r  l r )  |  l a a  I  I  I  |  |  |  I  I  d r t  I  l d  r r r i  l N d  I  l N
' r d - -
. F  |  |  |  |  l o o  I  l o o  l o  l o o o  |  |  I  I  I  l o o o  l o o o  I  l o o o o  I o o o o  l o
. &  |  |  |  |  l o o  I  l o o  l o  l o o o  |  |  |  |  |  l o o o  l o o o  I  l o o o o  l o o o o  l o
. 4  |  I  |  |  l f ) s  I  l r - s  l r o  l \ o r n F  I  I  |  |  |  l . + . r r - -  l o t N c o  I  l \ o t - - o r o r  l \ o @ ( t o r  l \ o
. D B  |  |  |  |  l o r s  I  l a e  l r - -  l s c ! N  |  |  |  |  |  l r . ) c o d  l F L r ) \ o  I  l o ( o s r - '  l i d d o  l o
. o u r  I  |  |  |  |  |  I  |  |  I  |  |  |  |  |  I  |  |  |  |
.  |  |  |  I  l c n f |  |  l o a  l r n  l c \ l f ) o r  I  |  |  |  |  l c { o c r  l r N ( r )  |  l r ) o r ( n l - *  l s @ r o m  l o
' F  |  |  |  |  l c . t  I  l r n a  l c ' t  I  I  I  |  |  |  |  l o l a  I  N  I  l c \ l a r q c n  l m # r n N  l N
.  t D  - -
. 4  |  l o  I  l o  I  l o  l o  l o  I  l o o o o  I  l o  l o  |  |  l o o  |  |  |  |  l o o  l o o o  I o o
. r ' l  I  l o  I  l o  I  l < )  l o  l o  I  l o o o o  I  l o  l o  |  |  l o o  |  |  |  |  l o o  l o o o  l o o
.  I  l r n  I  l o  I  l r n  l r n  l o  I  l c . t c o r o t o  I  l o  l r -  |  |  1 6 l o  |  |  |  |  l o r d  l o - { s  l N s
' : C L l  I  l d  I  l d  I  l e  l o  l r -  |  l a o r - c . :  I  I r  l s  |  |  l r - o  |  |  |  |  l \ o r )  l d r - - o  l \ o @
' E {  Z  I  |  |  |  |  I  I  |  |  |  |  |  |  |  |  |  |  |  |  |  I  I  I
. &  |  l c . r  I  l c o  I  l r  l \ o  l \ o  I  l o r o r . r c . r  I  l r -  l a  |  |  l N o  |  |  |  |  l r ' - o  l N s f )  l o i
' O  |  |  |  l d  |  |  l r )  l c . t  I  l c n c r c . r r  |  |  |  |  |  |  e  |  |  |  |  |  N  l c n  d  I- = - -
.  |  |  l o  I  l o  I  l o  l o  l o o  l o o  l o  I  I  I  l o  |  |  I o o  |  |  |  l o o o  l o o o o o o
'  |  |  l o  I  l o  I  l o  l o  l o o  l o o  l o  |  |  I  l o  |  |  l o o  |  |  |  l o o o  l o o o o o o
'  |  |  l d  I  l o  I  l @  l r -  l . n r -  l r e  l o  |  |  |  l s  |  |  l c . t o  I  |  |  l s o l r o  l N L r ) d @ o c !
.  I  B  I  l o  I  l r -  |  l \ o  l l o  l \ o c . r  l r F -  l o  |  |  |  l @  |  |  l o c o  I  I  I  l @ r r d  l o ' d d N s N
. t z  t t  l t  t t  |  |  I  I  t t t t  t t t  t t t t  I
.  |  |  l o  I  l t n  I  l m  l r n  l s c l  l n o  l c {  |  |  |  l o  I  I  l @ o r  |  |  |  l o N s  l @ d s i N r r )
.  |  |  l r  I  l c . r  I  l c . r  l r o  l e r c n  l c . r  j c . r  I  |  |  |  |  |  |  ( ' )  |  |  |  |  N N  l N  c ! ( n  c !
. l  *  *  +  +  i  *  *  r  +  i  +  *  +  *  +  +  *  *  +  *  +  +  *  *  +  +  +  *  *  *  +  *  *  I  i  +  +  *  +  +  t  *  i  *
.  |  |  |  |  |  l o o  I  l o o  l o o o o o  |  |  |  |  I  l o  I  I  l o o  l o  l o o o o  l o o o o  l o
'  I  I  |  |  |  l o o  I  l o o  l o o o o o  |  |  |  |  |  l o  I  I  l o o  l o  l o o o o  l o o o o  l o
.  |  |  |  |  |  l ( n e - )  |  l r - s  l o r F - d \ o c o  I  |  |  |  |  l o r  I  I  l t n r ' -  l ( \  l c o \ o F . ( \  l F  i s N  l s
.  I  r d  I  I  I  I  l r . ) o  I  l @ d  l \ o o \ o r - L o  I  I  |  |  |  l o  |  |  l r - s  l \ o  l @ o N \ o  l F . m r ) \ o  l o
. r ( / )  t t t l t  t t  I  t t t t t t  t t t  I  I  I  I
'  I  |  |  |  |  l m r -  |  l r s  l c ! o 1 N F - v  |  |  |  |  I  l . o  |  |  l ( o s  l r - .  l o ( r ) l - - \ o  l d o r N r o  l s
' &  I  I  I  I  l r n a  I  l r n r n  l d N d N d  |  |  |  |  |  l :  I  I  I N N  I  l N  r ' ] r {  l ( . ) N . . r }  l d
' i : : - -
. E r  I  |  |  |  l o  |  |  |  l o  l o o o o  |  |  |  |  |  |  l o  |  |  l o o o o o  I  l o o  l o o o o  l o
, &  |  |  |  |  l o  |  |  |  l o  l o o o o  |  |  |  |  I  I  l o  |  |  l o o o o o  I  l o o  l o o o o  l o
. 4  |  |  I  I  l o  |  |  |  I N  l < - r s r o s  |  |  I  |  |  |  l \ o  |  |  l l o N $ o s  I  l r q  l N d f - - s  l c o
' D B  |  |  |  |  l O  |  |  |  l r - '  l f ) N o r o r  |  |  |  |  |  |  l s  |  |  l o o r o ' r o c !  |  l r - F  l @ s r . N  l \ o
' o ( 4  |  I  |  |  I  |  |  |  I  |  |  |  |  |  I  |  |  |  |  |  |  |  |  |
.  |  |  |  |  l @  |  I  I  l c n  l N \ o c t c {  |  |  |  |  |  |  l N  |  |  l r + o r N \ o o \  |  l @ o  l N l - ' N @  I c o
' F  |  |  |  I  l c ' t  |  |  |  I  I  c . t  d  I  I  I  I  i  I  |  |  |  l r n r t d d d  I  l c n  l N c l d o  I

. r , 1  |  |  |  |  l o o  l o o  I  l o o o o  I  l o  |  |  |  l o o  I  l o o o o  I  l o o  I  l o o o o  l o

. E  |  |  |  |  l o o  l o o  I  l o o o o  I  l o  |  |  |  l o o  I  l o o o o  I  I o o  I  l o o o o  l o

.  |  |  |  |  l o r - -  l \ g o  I  l o F @ @  |  l o r  |  |  |  l c r r  I  l r - r ) \ g ( . )  |  l o c t  I  l s r ) r ) F -  l N
' : E r ' l  |  |  |  |  l o ' c o  l o a  I  l o r r - c . r c o  I  l c . r  |  |  |  l r n r .  I  l F - \ o o r ' {  |  l @ o  I  l N o F - \ o  l @
. E . z  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  .  I
' &  |  |  |  |  l o \ r -  l o o  I  l r o r o r r o  I  l \ o  |  |  I  l L o d  l  l o t o t \ g N  I  l L o s  I  l s N N d  l ( o
' O  |  |  |  |  l a  |  *  |  l c r r q  d  I  l e  |  |  |  |  r t  I  l - r r o  |  |  d  I  l N N t r 1 d  l c . l- = - -
'  |  |  |  |  |  l o o  I  l o  I  l o o o o  I  l o o  |  |  l o  |  |  l o o o o  I  l o o  I  l o o o o  l o'  |  |  |  I  I  l o o  I  l o  I  l o o o o  I  l o o  |  |  l o  |  |  l o o o o  I  l o o  I  l o o o o  l o,  |  |  |  |  |  l c o c o  I  l N  I  l o s c r c - r  I  l o ' o  I  I  l d  |  |  l s r n o L o  I  l d d  I  l s r - c o L r )  l N.  I  E  |  |  |  |  l . n \ o  I  l , n  I  l \ o r r - d o  I  l v r r  |  |  l v  |  |  l r n o F - r - -  I  l o o \  |  l l r ) l n o r s  l o l. t z  t l t t l  t t  t t  t l  t t t  t t t  l t  t l  I'  |  |  I  |  |  l d ( n  I  l c . r  I  l o \ o o L o  I  l @ s  I  I  l o r  |  |  l s L o r r )  |  l @ \ o  I  l \ o o t m d  l o'  |  |  |  |  |  |  |  l N  I  l c r t c r t v r  I  l m  I  I  |  |  |  |  c l c a c !  |  l d d  I  l i - t c o N  l c . l
' +  i  i  +  +  +  I  +  *  +  +  +  *  +  +  |  I  *  +  *  i  i  i  |  +  t  *  *  +  +  i  i  +  i  +  +  +  I  +  *  i  I  *  +  *

'  51 EI  EI  EI  TI  EI  >I  EI  EI  EI  EI  EI  5I  EI  EI  EI : I  EI  EI  EI  >I  EI  >I  EI  EI  EI  EI  >I I  EI  EI  EI  EI  Ei  EI  EI  EI  EI  EI  >I  EI  EI  EI  >I
cal ml ml cnl ml ml ml col .ol ml cnl col col cnl cnl ml djl cnl rnl col ml ml rnl col cal rnl IQl @l rnl ml col col cal cnl rol @l rol col lol col rnl cal rnl
ill ,.rl Frl Frl ,fi ,il *-11 Frl Jl ,rl 'Jl F:l '-1i ;ll ,:l nl *rl .rl .rl F-rl ,fl ill Fll Fll "ll 

Jl F-rl Fll rl il rl 'il F:! Frl Fll Frl FJI Frl .rl Jl nl Frl |ll
al ol ql (/)l (r)l col Lol (,)l U)l al al @l @l al al cDl (nl cDl @l ql 6l U)l (4l r,ol @i al @l cDl (nl (r)l al al al col trl (/)l (nl (nl cQl al al @l al

'l ,l 'l 'l 'l rl 'l 'l 'l "l 'l rl u'l 'l 'l 'l 'l 'l 'l 'l 'l 'l 'i 'l 'l 'l 'l "l 'l 'l 'l 'l 'l 'l 'l 'l '"1 u,l u,l 'l 'l 'l 'l.: \ol \ol \ol \ol \ol \ol \ol rl rlnl -l Fl -l '=l F-l rl nl r-l rlr-i L.l u)l \ol tol \oi \ol (ol \ol \ol \ol \el \ol \ol \ol \ol \ol \ol \ol \ol el \ol \ol \ol
r'r I I I | | | | | I i | | I I I | | I | | | | | | | r r l I r I r | | | | | | r | | | |
3 'l "l "l ,(l dl dl '.1 'l 'l '.1 .(l *l 'j 'l-l *l"l.lrl -l ,.l 'l "l 'l'l '"1 "l -l -l'l *l"l"lo,l"l',l'l 'l 'lal<lalcl
r! c'al url uJ col .,)l url ,l ,l (']l .nl .nl ,nl url ,l ,l ,l ,l ,l ,l ,l ,,1 ,.:l ol .,)l u:l ..r,l ol ,nl c',1 .nl u:l ol 

":l 
.nl url ,nl u:l ol ./)l .nl ol ol ol

O d l  d l  d l  a l  a l  s l  d l  i l  d l  d l  d l  d l  a l  a l  a l  a l  * l  a l  d l  d l  N l  N l  c ' r l  c { l  N l  c . r l  c l l  c l l  N l  N l  c \ l l  N l  c l l  N l  N l  ( \ l  N l  N l  N l  N l  N l  N l  c l l
cJl Nl Nl c r l  Nl Nl c{ l  Nl Nl c{ l  o{ l  cl l  cl l  c r l  Nl Nl cJl c\ l  Nl orl  c.r l  Nl cl l  cr l  Nl Nl c\ l  Nl Nl c\ l l  cl l  cl l  .{ l  (1l l  c{ l  Nl Nl Nl Nl Nl Nl Nl Nl

U "l "l "l "l -l .l -l "l *l ,-l *l -l *l *l "l *l -l "i "l *l "l "l "l "l *l "l -l .,1 *l -l e.l rl rl -l "l *l e,l e.l r-l e-l r-l e.l ri
d Nl ci l  \ol  r-- l  cDl ql u)l  s. i  cnl \ol r-- l  or l  ol -{ l  @l orl  ol dl Nl (.) l  Lol \ol i l l  Nl ml vl  cDl o\ l  ol  r{ l  Nl crr l  sl  lnl  (oi r* l  o\ l  ol  dl Nl ml r*- l  col
o ,  N l  r \ l  c t l  N l  . . 1  cn j  m l  o l  o l  d l  d l  d l  c . r l  N l  N l  cJ l  o l  ( n l  r r l  ( r ) l  N l  f n l  o l  c ) l  o l  o l  o l  o l  d l  d l  d l  d l  d l  d l  d l  d l  d l  N j  c l l  N i  N l  N l  c i l

* c,l "l "i "l rl "l "l "l "l "l "l "l "l "l ul "l "l "l 
,.,1 .l ,,1 

"l "l "l "l "l "l 
,,1 ol ol "l "l "l "l ol "l "l "l "l "l "l "l "l:tts ol ol ol ol ol ol 0)l ol ol ol oi ol ol ol ol ol ol ol ol oi ol ol ol ol ol a)l a)l 0rl ol ol crl ol ol ol oi ol ol ol ol ol ol ol 0)l, l (4 l  - l , l , l , l , l (n l t / , l , l , l (4 lU) l ' lC4 l ( / ) lU , l  - lU) lU ] l , / ) l , " l ' / ) l  (4 lCn l , l ( , l , l , lU) l . l  - l , l  , l , l . l ( i , l . l . l . l . l . l . l

. d  . r l

. ( f )  . r )' \  . \

. c {  . N

. d  . r i

i e  . 6
: E  

. t i

r d r d

. \  . \
: o  : o

: r.i : r,j
. u )  . a. - . -
l r -  l u

' o  . o
. H  r H

. &  ' &

. tn  r ' l

r:
: :
: :

1:
. ] J t  , J )
. . d  t  . . d
,  t r r  .  -. . ;  r  . . :
' F l O . F - l
, . t J . r
' > t t . > r
. . ' r  F  . . H t
. A F l  o t
. ! r l o

. o . n t
!,

. E l ^ l

. o n l
'  O  o b
. A 1  Q  .  o  o
. ( J  . . . 1
. o H  - r  t r
. p l r l  . . +  O
' t n x  E  o

l o e r  : # {
. o O  E {
. o E  ' o l r l
. o  o > |
.  h  . o
' o  ( t  . o R
. o A  . O
. r o  . o R
. r l  Q  ' c . r
. 5 ' O
' . . o . . r t t
. r  l t  d A
' ( d O . r d
. + r l Q i
. o u l  . o F l
. F  ' ' l  . F  O
. { t {
.  o . + r  o ( ,
, ) . f
. o E  o u l
.  l ] 'Fl  .  f i lFl
. ( 9  . ( 9 4
. ( \ ' . l J
. l
. v F l
. o r . . . l

. f r ' c . r

. O l

. $ { ' ! .
Ot

. b l
' q . h

"d O
. h $ {
. o
. + J A
' n t o
' F ' F l
. * F l
. O . ' ' l
. o E
. .u rtl
. a h
.  t { l  h. o o
.  , '  tH T.l. x
. L r h  . . \
' F F I  . ( J F I
' < & ' H P .
. B  A ;  . F  F I ;  <
. l <  F  o  5  r d
. ( J 1 4  . t d q r r
. o  ' t  D
' E r  O  ' O  O
. ( r F l ' o F l
' = l F O  . { + O O
. = } t s l A  . + 1 4  r {
. + L  . i + *  O
. r ' r o
. r . i E

. m

: F

' o

: o

. l n. -

. f -

' o
. o
. H

, &
. L l

:
:
. J J

. q_.1
' o
. ( 6

. o

: . .
. l J
. - d

. ' d l
' F l  t. *
,  > l J
' . . r  O
. o . u
. ( | l
. p
. - l
. E
. b
. o

. q

. o
, ( / r o
.  o , q
' l r
' o F l
. rd frl. x
' \ 0
. v F t
. . o
. c - ?
. ( o
. N  o l
. F .  I [' {
i - j  p .
. r u i t
. !  O
' o l . l
' E r ( l

i o n
'  J ' F {
' o €
. ! . U
.  t i
. F
. ."1

l c r
. l
. v
. O t

, r r, o
, t H

' t r
, o
, .Fl

, . u
' o
' b l

.rl
fl
t l
H

h
o.. ${

z
o x
H .-l
F Q .
d A ;
( , 5
r 1 4
&
d g
H F I
:lF o
+ t 4
:tts I

I
t

a

OJ
o

.4
3

t+r

o

{J

+J
(0

o)
p
t{

U)
1)
E
tt..1

o
(!

E

a;

|-^
d

ci
z

d s l  r ) l: ",|
o t  r l

F-] c)l -
4  : r - l
t s  N l t r ) l
z c o l  - r ) l
lrl - \ol rDl
E  N l L o l d l
L l i l  \ d l

O r N r i l  v l
O r  |  . r r l
P { r l d l
LD Or s,l r{l

( r ) ( t
0|) f.) rO

1 6 O s
p d

F

B IQ l
I

r,l

N
I

$
o\
l l

-
v

B
0.)
X()

P
(-!

tr
F
(n
g
g

-o
O

oo
-e
cg+-?

,n
+-'l

oo

C)

t
c\

L{

B
li

x

v

t l
z

B
2

(r)
Gt \o

tO

_ ;

l a ( o
U)

rt

r,l
z

Bz

@

E
U)

B
a

t l
z

z

B
z

U)

I
I

l c n
I

l b
I F-l

E

F1
tJ)

a
N
c\

Fr

o
a

co
r-l
a

B
z

q
-f,

c
F

=
^
-

F



^
I
o
U)

E|t

.-i
3

qf

q)

o
JJ

+r

16

o

o

o
4J

.A

g
o
p
(u
B

=
N

r{

CJ
z
Ol

o o l
x - l  ^ ,
- ll tot

H  I ' J I  \

(  . r ' l
F c.ll u)l
z m t  . :
: c'rl u)l

rf, . .Ol
Or (\ u)l
o i l
D s r - l
u j o r v i  C I

rl

c!

F

d

r'l
U)

f&

o
o

rn

.p
. d

. 4
F-] *
> *

- d *

o 1 '
o'lJ
dp
,.1
o

U ) b
o o.,1
r E l
..r O
E O
r ! ' q

l'!
Er

o [r]
o > |

3 s
. o

r ) k

o 3
. . n l o

- r f i F r
(6
.r: Or >i
o  P - l l
F r Q o

o " d E
o  u l q {
! . F l  o
( 9 €

+J rr
+)

Fl ..r.,t E

N a
I

Y c )
o l p

6
l.t !
. o o$ { o .

t {
u t o
o o.rl
''{ 0)''l -c
F !
-Gtr{ O)

i
It -a
O u l

t H p

. . \ o
( ) F I
H  f t O
E r  Q . c
( , ) 5 r !
r,l t4
E o
o o a )
O Fl ..r
+  O . - 1
+ 14 -,1
+ *  Er r O

t l q

o o o  l l

C  O r \ . o @  l l
o  U ) o N r )  l l

. . 1 4  .  l l
l J  ( 0 0 0 s  l l
O I J \ o s o  l l
o o  t l
U o E 1  l l

t l

t l
+ + * * * l l
t l l l r l
r l l l r l
t l l l r l
I  L l  |  |  l l l
I  u )  |  |  l i l
r l l l r l

&  I  I  t r l
r d - - - - l l
H  l o  l | |
&  I o  l t l

D B  l c ' :  l l l
o L o  I  l l l

l N  l l l
F  l . r  l t l
( l ) - - - - l l

l ' l  lo I  l l
l o  l l l

:E tt1 ld I  l l
E l Z  I  l t l

. D  l N  l i l

. o  l ' {  l t l

. U ) - - - - i l
'  I  l o  l l l
'  I  l o  l l l
'  r  l \ o  l l l
.  I  B  l ! . o  l l l
,  I  z  I  l r l
.  I  l o r  l l l
. t t t t l
. r  +  +  *  +  l l
.  I  o o  l l l
'  I  o o  l | |
.  I  ( f ) N  l t l
.  I  L t d N  l t l
'  I  a  l t l.  I  s \ 0  l l l
. &  r n  l l l
. r d - - - - i l
' F ,  o  I  l l l
. &  o  I  l t l

. D B a  I  l l l

. o ( ,  I  l r l

.  o  I  l t l

. F  c !  |  t t l

. ( r - - - -  t l

.  r , r  |  |  l t l. B  |  |  t | |
' l l l l l
. : c r , . l  |  |  l t l
, E .  Z  |  |  I I
' D  |  |  t l l
. o  I  I  t t l
. c o - - - -  t l
.  I  o  I  l l l
'  I  o  I  l l l
'  I  o  I  l l l
.  I  B 6  I  l t l
.  I  z  I  l t l
.  |  ! o  I  l t l
' t t t t l
' r  +  *  *  +  l l
. l l l o l l
' t l l o t l
' r l l r o t l
' r r d l l o t l
. t L D  |  |  l l
. r  I  l d t l
. &  |  l d  t l
. l t l - - - -  l l
. F  I  l o  [  . .
' &  I  l o  l l  ^
' {  |  l d  l l  u )
. D E  I l d i l -
' o r @  I  I  l  o
' l l N l l ( ' )
. F r  I  l c . J  l l  5
. u ) - - - - l t
' 4  |  l o  l l  o r
. r , r  I  l o  I  c
. l l r l l . d
. :C til I lco ll 3
, E - Z  |  |  [  o
' &  |  l d  l l  /
. O  I  l . {  l l  . - 1
, z - -  - -  l t  o
. r l l o i l q - r
. t l l o t l
. r l l r + l l o )
' r B l l o r l t  - c
, t 2  I  I  l l l J
' l l l @ l l
' l l l N l l o
. +  +  |  +  +  l l  1 J
. r l l l t l
'  |  |  |  l l l  l J
'  |  |  |  l l l  c
.  I  r d  |  |  l i l  ( I '
.  | ( / )  |  |  l i l  6
.  |  |  I  l l l  o
, d  |  |  l I  + r
. l ' l - - - -  l l  l l
' F  |  |  l [  I
. &  |  |  i l r  o .
. D B  l l l i l <
. o U )  |  I  l t l'  |  |  l l l  o
. F {  |  |  l l l  + r
. a - -  - -  i l . c. r d  I  l o  i l  r t
' B  I  l o  l l  . ' r
'  I  l v l l l (. : E t d  I  l \ o  t l
, E 4 Z  |  |  i l  r l
' &  |  l o  i l  o
' o  I  l d  l l  !' z - -  - -  i l  ( d
.  |  |  |  l i l  B'  |  |  |  l | |' r l l l l l
'  t E  |  |  l l l'  I  z  |  |  l l l  s.  I  I  I  l [  o
.  |  |  |  i l l  c o
. +  +  i  i  I  l l  r . -
.  i l d'  El El El lt to
. col ol col rl
. Fll '{ ':l ll.  ( r ) l ( / ) lU) j  i l  o

. t . . 1 . - t  ! !  z.  q l  H l  s l  t l
\.o1 \ol (ol ll o{

' r , t  |  |  l i l  D  u . ) l
' a  I  I  l i l  o o l  ( . ) l
' D  d l e i e l  i l  d  s l  d l
.  |  |  l [  ( ,  : . o l  a l
' t'r 6l al <nl ll rfll \ol -
. O  c l l  N l  N l  l l  ' l c . ) l  . Y l
'  N l  N l  N l  l l  d  : r - i  ( - ) l
. l d  |  |  l l l  F c r l  r ) l  d l
. L )  F , l  F r l  F l  l l  Z r ) l  \ d l
' {  |  I  I  l l  ! d  : \ o l  :
.  ' I  o\ l  ol  dl l l  E cl l  () l  ( ' l
' or Nl cnl ml ll Gl al : orl
. 1 *  |  I  l l l  , r  - L r ) l  r " l
. : r t s  o l  o i  o l  i l  o r o t ( o l  .
. :'ts ol Ol Ol ll 01 | .. ctl
.  @ l  @ l  ( / ) l  l l  D { r !  o l
.  I  I  l*  (4 or vl  (-) l

. r t

l e
' F r

. o

. o

t'l
<n

t!

u
o

ljl

!
qr(_)
o

ar'

;
. d

. i *
F l * *
> , u- a 0
o .ll

nl
p

Fl
$
b
o
E
o
o

O Q

f l e .
O F J
6 x

o F t

1 g
c o o
d | ! {
.j p.
r u p
u o
o l.l
Er (t

o. ul
5 ' F l
o €
tr .1,
(J

EI
' F |

(\
I

v
or

t{
o
${

q
o

.Fl

.u
(l
bl

.Fl
H
t{
H

H
o. , 9 {

z
O h
H F I
F. P{
d a .

; 6
& 1 )
H F I
+ r o
i+ t4
:+ts I

t
t

v̂)

CJ
u)

3

qr

o

P

lJ

6

q)

]J

o.

a)
-lJ

&
tl
o
t)
(o

B

(n

F-
d

@

^
z O\l
a c"l
5 o t  n l
d sl ral .
(9 \ d)l col

cn l  r l  r - l
r-l rnl . el

ts Nl Lnl -
Z  rn l  : r ) l
r,l - \ol .rl
E cl l  nl  dl
H : l  : e l
r l  . t r ) |  -
oJ  N  Ln l s l
o r  |  - c r l
D  s t  F l  d l
LD or vl dl

o o o o
o o o o

C  ( ' \ g t ' r \ o
O O s ( t s g

. 4 4
.p r! Fl or r-- (r)
O + J s s  N
o o
( D F

, l l
o l

=l
olqt
:l
".)i6l

:l
=l
cnl
: l
-]
O'l
-.1

*
o t l
o t l

E U N

o  o r t -  l l
. r t i  . l l
J J  ( d 0  l l
O . p r n  I
o o  t l
( / ) E i  l l

t l
t l
t l

+ + + l l
t  l i l
l l t t
I  t t l
|  & t  l t t
I  u t  l | |
I  l t t

&  I t l
r d  - -  t l
F  l t l

I t r
(  l l |
D B  I I I
o . n  l l l

l l l
F  l r l
( 4 - - t l
{  l i lu l i i
:E f'l I ll
E 4  Z  l l l

. D  i l l
' o  l t l
. ( / ) - - t l
. t o l l
. t  o l l
. r o t l
.  I  B L o  t l
. t z . l l
. t a l l
. l d l l
. +  +  *  l l
. r l t l
' l l l l
. t l t l
'  I  t d  l t l
'  I  a  l t l
' l l l l
' &  l t l
. E t - - t l
. F  l t l
. &  l t l

. D B  l t l. c r ( / )  l ! l.  t i l

. F  l t l. c n - - l l

. r d  l t l' B  l r l' l l l

. : E r d  l [. E 4  Z  l l l' D  l r l. o  l t l. . n - - i l
' r l t l
'  I  l l l
I  l =  l l i.  I  z  l l l' r l t l
' t | l
' *  I  *  t l. r l t l
. t l t l
. r l t l
.  I  h l  l l l.  I  u )  l t l' l l l l
' &  l l l
.  r , 1  - _  i l
. F r  o  l l  . .
. &  o l l  ^

. D B \ o  i l  -

. o r ( / . )  .  l l  c )
,  c o l l  U )
. F  I I  J
' ( / ) - - l l
. {  l l l  u '
' r d  l i l  6
'  l l l  " r. ! E r n  l i l  3
- e j Z  l l l  o
. &  | 1  . - r
. o  l i l i
. z - - l l  o
'  I  l l l r i r' l l l l
'  I  l l l  o
.  I  B  l l l  I
.  I  z  l l l  !
' l l l l
.  I  l l l  o
. *  |  *  l l  p
. t  o l l
' r  o l p
' t o l c
. I  rr1\o i l  rd
. t t D ' l t c
. t o i l o
' &  d  l l  !
. r d - - l t  t r
' F  l l l  5. &  | t  o .' (  l i l  a .. D B  l i l d. o ( 4  l l l'  l l l  o )
. F  I i l  !' ( , - - l l  . c. l d  l l l  c | '. E  l l l . a'  l l l  d. i c t d  l n' E {  Z  l l l  g
. &  l [  o. o  l i l  p. z - - l 6
.  I  l | |  B. t l t l
' l l l l
.  I  B  l t l, t z  l i l N.  r  l l l  o'  I  l l l  @. + * * l l t - r
.  l l  d
'  El l l  \o
'  m l  t l
'  | ; l  t l' (/)i !l o
'  

l t  a
. r,I tl

s l  l l  a
. r d  I i l D
, @  l l t  o o l
. D  d l  l l  d s l
.  t [  ( 9  - _ r l
. l& oDl il erl ol
. O  c r l  l l  r - ] m l  -
'  r u l  l l  4  : r - l' E l  I  l l  € r  N l  Lo l
. ( ) F l  l l  Z r t l  .

. Fl o\l ll E oil Lnl

. t u  c l l  l l  t r l a l  -
'  + |  i l  Ff,  .dl l
' : r t s  o l  i l  o c N L o l
' : * t  c ) l  l l  o r  I  t
.  ( n l  l l  D s t F - l
.  l +  ( 4  o r  s l

o o o o r i l
o o o o  l l( r ) @ r - - @  l l
f ) t r - N N  l l

. ' t l
O\ F- ir (t ll
o s l l

t l
t l
l l
I
t l

i +  l l
l l l l

l l i i
l l l l
l l t l
l l r l-i-tii
| | i i
l l l l-t-tii
l l l l

l l l i-t-tii
l l l l
l l i i

+ + l l

l l i i
l l l i
I l l l

l l i i
- -  i l

l l t l
l l l l

l l i l
l  l i l
l l t l
t t t l- -  l l
l l t l

l l l i
l l l l

| | l i
l l r l_ _ t l

l l i l
l l l l

l l i i
l l l l
t t t l

+ + l l
l l l l
l l t l
l l l l
l l l l

l l i i
l l l l- - t l
l l l l "
l l l l ^
I  l i l  o

I  l i i  ;
I  l l l  o
I  l l l  5

- - t l
o  l l l  u '
o  l l l  c
!O I ll ..J
r }  l t t  3

.  l i l  o
d  l l l . +
i  l l l  - r
- -  l l  o
o  l l l , r
o  l l l
o  l l l  q )
@  l l l  - C

.  l l l  !
r -  l t l
d  l l l  o
+ + l l  !

l l i i "
I  l l l  c
I  l l l . 6
I  l l l  c
I  l i l  o
I  l l l  !

- -  l l  l r
I  l l l  ,
I  l i l  o
I  t i l  o .
I  l l l  <
l l t l
I  l n  o
I  l l l  ] J

o  l l l  d '
o  l l i . d
N  l l t  e
d  l l l

.  t i l  r l
c !  l t t  a r
d  l l l  l J
- -  l l  d

l o i l E
I O  t l

i l @ t l
l N  t l

F r  l . l l  d
O  l ( . ) t l o
F l l t l  c o
* i * l l F -

l l  d
E EI EI I I  \o
ra ml ml t l
Ff,  F]dl i l
a a l @ l l  o

t t t >
r,r ral Lrl ii 

-

r' rl r-l l l or
t t [ D
l l i l o m le rtltr'l ll 6 

'? -r
@ a l@l  i l  c l l  ( ) l  r ) l
N  N l  N l  l t  F l  c4 l  .m l
N c.rl c.rl !l F _: 9l .11

|  |  l l  r  u l  s r l  - 1
F F l F i i l Z ( . l . .

I  l l l  r ' l  - t r t l  s l
€ r l  @l i l  E crl  (ol ol
o o l  o l  l l  G l d l  \ d l

I  I  l l  
" f  

. r - l - r l
o O l  O l  l l  o r N v l  -
O  0 ) l  0J l  l l  O r  |  - r t i
(/) cnl (nl tl > { ol o\l

I  l +  c O O r s l  r - - l

:
g

I
I
I-t
I

I
I-l
I'l
I

I
I

I
I
I
I
I
I
I

I
I

i
I

I
I

s:
Es

"  r "
I
I
I-t-
I
I-t-
I

i-
t l.l.l
t l

: - t
o l
o l
; l
\ l

t-l
| l

il
j l

i ' l
i l
r l

t l
t l
t l
t l
t l

t-l
t t
I I
t l

I
I
I

I
I
I
I
I.1.
I
I
I

5 -

;

I
I
I

. -
=
"iN

-'
J

= -
D

f ) l'.r I

: - t
6 l
1 l
r l
i l

= - t
; l
o l

; l
; 5
D L O
o r r )

i . ;
- l ^ -

t v

l 6
l 1
l N
l d

l - r
i l
o l
. l

r l
; J

? 1. ,F

( f ) c

@ \

( o F

I
I
I

I
I
I

I-l
I
I
I

I

I
I
I

I
I

I
I

I
I

I

I
I
I
I
I
I

I
I- ' I

t (o
l r o
l ;t *
I N

I
I

I

I
t -
o d

: :
N

l o

? 1
{ c !

rl- , r
t -

t *

l @

t ;
I N

; 5
\ \ o

: :
J d

; ;

l :
) N

{ ( r )

t v

I @
I J
I

i-r
r l
r l
, l

, l
r l

; ;
Ln

;
i l

r

^;

t v

l ( o

l (o
l ;
I N

;

I
r

rO
o

=
clr

;
o

.^.
d

I
I

I
I
I
I=

-l
lr)

o

=
FT

c!

N

a

E

J

L]€

(\
N

Fr

o
an

O
o)

N
I

$o\
t l

-
v
F

c\.()
X()

+j

O.
$r

B
U)
g
9.
co

p
c)

bo
-q(s

,n
a-'!

oo
Lr(.)
(g

E
c\
t-<

B
H

ii
rF)

v

o
-<f

c
F
z
a.
I' -

F

3 l
r , r 5  |
u ) l

o r l
N l--t-l

B  l l< n  l l
t t

I
I
I
I

)
Er&

cl

. o
. d

: 8 .

' o

: . .
. t'l. a
. D

o
o
H

&
t .1

.p
H
o
o

P

-r{
,l

o

q
o
o

o Q
o
r J F l

H H
c.r R

r8
N O
d O{
.-i o
l d 5
p O
o l {
F ( '

o o
5 ' F l
o ' q
tr +J
(9

F
'Ft

(\
I

Y
Ol

h
or+a

E
o

.Fl
'lJ
lrl
Ol

.Fl
r,l
t{
H

H
o

. .  r H
z
o \
H F I
Er ff.

* $
; 6
d o
x d
r + O
+ ( 4
i + t*

t

' r t

' o
' F

. d

' r'l
. u )

. t q
' o

' H

:

, + )
, q f
' o
. ( 0

. o

: o '

t
t*
t
o.u
|!
5

Fl
r!
b
o

J
. d ' t

} l i
t

> , u..r O
Q + '

|!
p

Fl
|!
b
o
CI
o
o
4

o F lg H
d H

- 8
d u l
. a d

A

.i o.
d P
p O
o k
t - O

o . 0 l
5 ' d
o €
l ' ] + J

q
.Fl

B
z

E j Z

z - -

tn
U)

e1 Z&
z - -

r , 1  _ _
F&(
D B
C) tt)

F{

l'l
B

F F I

F1 Fl

E >
to co
i-l ri
a a

u ) a
ct tr.
N N

F F

LO \o

o o
OJ C)
(n u,

C\
I

v
ot

ll
o
T{

q
o

.Fl

'+J
J!
bl

.Fl
H
t{
H

h
o

' .  T l
z
o h
H F I
E r Q

s$
r i 2

d o
H F I
r * O
+ ( 4
+ t *

t

F{

Fl

E

Fl
a

r.l
r-

Q
c!
N

F

r)

c)
a

r q
\o \o

E
CL;

a

O c \
c.l

Ill
( ) F

Or (n
:lf

a

Fl

\c

N(\
F{

c{-)
O)

a



oi

ol
o-l

ol

@l

q
<l
;
.91
-Y

oi
q

OJ

;
o

d

q
q

;q
q

oi
oi
;
d
q

oi

z

I*
t
i*
I**
**
f
I
I

*
.l

f,*
{.*
d

H

4

A

fr.

o

a
z
f'l
I,*
+
+
i
+
+
11
+
I**
i
i
+*
t
I

*
I
+****
I

*
i

t
+
i*
+
+.*
l.*
+
I*
+*
I
t
I*
I
+*
+
I*
+
l.
i*
+*{.
+*
+
+
+*
t

*
+
I
t
+
+*
+
+*
+
+
i
+

i*
I*
I
+*
+**
+*
t
+

I
I
I
+
+

*
+**
+
I
t
t
t*
i
I*
+*
+
i**

t l
l l
l l
t l
l l
il
t l
l l
l l
t l
l l
l l
il
t l
t l
tl
l l
l l
t l
t l
t l
tl
t l
l l
t l
t l
l l
t l
l l
l l
t l
t l
l l
t l
t l
l l
t l
t l
t l
rl
t l
l l
t l
t l
tl
t l
l l
t l
t l
t l
l l
t l
l l
ll ql
l l  o
t l
l l  s
i l \
l l  d
ll tr]
l l | . ' )
t l
ll a)
i l c
ll +r
l l

l l - . J
l l

tl o)
l l  o
ll rd
ll Ll
i l !
i l E
i l o
l l
ll tl
ll -.r
l l  o
i l >
i l t l
l l  o
l l  o
ll 0)
ll tr
l l
i l ( 6
l l
i l c
il ..r

l l
l l  d
ll tr1
l l  :
ll c\j
f l d
l l l
l l  d
i l \
ll -r
l l
! l  E
l t  o
ll l{
ll (+l >
ll ro

l l  o ( ,
ll rr
l l  o r d
l l  + r s
l l  u ) &
t l
l l  o -
ll .-t t/)
l l  o
I  s N
l l  o F
ll {J
lt (d
|  3 s
I t

l o o
l E c , |
I  E - O

;

c)
p
rd
o

t)
c)
o

rlf

I
o

ru

L o x ! d x
s F ( r )

< B Xq-.t ftt (n
o l

E E ] X
> \ E 1  Z

- d O B X
o Q z
r d *

o

5 *
E .\- LT.i Er u)
X ( / )
r q r n E
E B ( / J

E j Z
< D
r J O B. 4 r  z
3 *

rr

l { +
o i r L l
0 e 4 u )
c . ) u )
d < B

t d ( 4
c l

o ? z
A &
r o o B
A Z Z

l *

l{
a)

-d Fr (4
u.)

-  t t  B
o B ( n
> l

o E < Z

. - r o E
o z z

z

d

(f)

N

d :

]J U)

d ..  t ' l
o  . . ' c r  s
\ E o
d  ( d l J

E r + r  c q J
o  o  5 0
t t  c ( \

t l { ! H

o  c n ( 6
Or . . 1  O  s
( o  ( u  r r o
r { ! E <
o o
p o
u ) a

l l. ,  t l
a .  t l
rd tl
o i l
lr ll

-d l l
J t l
rt tl
o t l
& t l
_ ! !
t s t l( u l l

tl
d l l
-r ll( d t l
E t l
U ) t l

l l .
i l o
I c )
ll lf

l o
l r !
I

l o
l o t
l t n
I
l o
l f )
l r
I t*-
I
l 5 \

l ' d
l - r
t d

p
o
p

o
brt
(o
o
ll

rU

o
p
rd

-.1

tf
,,1

p

3

U)

I'r

1)

lr

g
(u
P
16
3

ag

o

o
.1

U1

r-
q-{

tf

o)

o l

I
r5 l

I(/) |-.r I
^ i
N I

r l

o r l

I
u l

Ut ll
. d l

I
o l

'4 l l

F{ II

o
o

o

^
H

o
. 4

+J
(d

tr
!

..1

H

laf

.1(,
]J

o
P

d

U)

,i,l

o
o

d

o
P

rd

.1
ro

o

(d

o
16

N

JJ

..t

&

U)

F

o o o o

o  o o o o o
. d 4

O t J
c r o
( n F

c\
I

$
o\
t l

I

v
FI

F .()
X
ai

k
a
li

3\\
(n
O.
a
Cg

,o
O

o
bo

-c
Cd

,a

bI)

|-r
C)
cc

E
c\
t)
t-r
3
H
a1

ii

-

+ * * + *

t.l

X X X X
+ + * i +

l'.1
a

F  X X X X
a - -{
L]

' F  X X X X. a - -

' 1,1

&  X X X X
t ' l - -
Er

4
D B
O ( 4

E1 Z. ?
. O  X X X X
' c / J - -

. &  X X X X. t d - -

. t s
, &. {
. D B
, a a

' F  X X X X
. a - -
.  t l
. B

. E  Z

. O  X X X X. z - -

B
z

X X X X
+ i i * *

Ez
X X X X

+ i + + *

l'l
u )
D

o
H

t l
Ol

, E i Z
. D
' O  X X X X
. a - -
. l
. l
. l
. t B
. t z
. l
. I  X X X X
. +  i  t  *  *  |
' l
' l

. r r d
' t u )
' l
. &  X X X X' r d - -
. F' &. {
. D F
' O u )

0 ) '
u', '
D

a

u)
. d

p

H

oq_r

+)

o\..1
&

U'

]J

o)
3

.1__{{
P
0)
c)

t!

H O
o l l
-  r r
r { 4

J{
a
H
O
H

z

E

{*
=tts

f r  X X X X
r ' l - -
F
&
4
D B
c ) ( 4

F T  X X X X
< n  - -
r'l
B

t a Z

O  X X X X
z - -

c

(n
c!
si

Fr

d

(-)
o
a

z
!l

G]
\o

U)
N
c.l

F

Or

q)
<n

;
l'l

U)(\
N

F

o)
U)

5

;

. .  \ t
r ,1
U''

t u A
O N

N
r
O F T

J ar)

r + a
lt)

II
:l
cl'l
cnl q!
F l  \O l

- .  F l
Lr)l -rl
N l  :
(al ( \ l

-. col
!'l \|)l
(31 dl
cnl -

.. u)l
(-)l ml
O I  d I
f,)l r{l

q
$
I
F

=
lI

- -



. o

. F

. l d

. t q

. u

' &
. t'l

. qr

. o

. ( U

. . p

. , 1

' O

. A

o

U)(u
ll

(6

t-.

(f)

;
r!
D

Er

o

u

9
o
a',

3

qf

q)

p

]J

l)

ro

o
J)
H

o.
4
U)
+J

..t

0)

ru
E

J
@
l-.

;
z

D
o cnl
& (r)l
( 9  . > l

cll tnl (nl
Fl col . fnl

F  o  l r ) l d l
z o  : :
f'l \ u')l ql
E N l l r ) l ( n l
l'l dl - dl
t s - ]  - r - l  d l
or Nl sl  -
O r  l l  r r t l
D sl ol orl
(4 .nl sl f-

' z

. L

. d

, H

l l
II
t l
l l
t l
l l
l l
t l
t l
l l
t l
rl
l l
t l
t l
l l
t l
t l
l l
t l

i
I
I
+
+*
*
I
+

l l
l l
t l
t l
t l
t l

l l
t l
t l
l l
t l
t l
t l
tl
l l
l l
t l

.. t ' l
l n F
D F
Q r'l

Fl
fq

Q ( / J

e 4
t u l :

q,
p
(U

.,t
c-.1

r)
tl
o

r t o

6 P . .  a
f r l r l u  )
A O F  + J
<  C l ' l  r o
o 1 o  . p
u ) - . 1  -  ( ' )
E .lJ or
t r r  o <
z 4 A

d c i
z z
ot ot

r r !
o . o
< n Q

o o o
o o u
l { l r t l

o o o
U) U) U)

+

*
+
I**
i*
t
tr*
I

:
ti([
F{
tn
o
tl
A

H
4
r-l
A

u,
o
o(,
o(t

JJ

o
. A
+J
d
o
o
rl

o

J1
. A
-l
(J

;
. A
ut
l.l
a

. d

o
qr
o
vt
lJ

..1
o
3
+
t{.
F'

o
H
fr
g.
EI
H
4
E
F{
o
zo
H
H.<
C)q
H

15
a

H

a z  ' .
E ] O O
O x P -
Z F B
t ' l ( - ) \ . .

4 F r ' l

D E t r d >
O J ( 4 U F

U)
Ert

't
o.(n

10
o
E( o E t E t t l
c ml col col
C Fll r']l Fll
D ,nl @l srl

t t l
" . t I t
r,t trlt rt]| r:ll
u \ol \ol \ol
& l t l
D t t l
o d t t t & l. , ' . l l l

f t i
<nl ull al
Nl cll c rl
c.rl Nl Nl

t t l
F l  F l  F l

t t l
- 1 . , 1 - l

o\l o,l ('rl
NI Nl ,\l

t t t. .  o l  o l  o l
z o t o t o l
o cnl (J11 col
H l l l
F .{ .l ..i
A l]l rrl !l
H o l o l o l
& ol (Jl rjl
( ) t t l
L1 . .  s l  s l  s l
l,t u zl zl zl
o u l t l

< E l  t i  g l
z r,. ol ol ol
O E !l rrl trl
E D qrl qrJ qrl
E | . 4 l l l o
O pl +rl +rl Z
u  |  , H l  . .  q f l  . .  q l  . .

I  l r )  l o  l ( r )
c)l J/ ol l4 ol ia o'

Z F I  r . { r ' - l  H L r ) l  H  . d
O . . l  O v l  O o l  O  0 )
H  l B  i B  d l  3  r {
t n l l l . . r
d I,.]i b|' Bl trl' 3l o|r a

v t  t a  l c  l c  l Q  t t
t+r >i ) pl ..r pl .,1 pl 'A O
O  g  H ( + r l  ! r + r l  ! t r - r l  !  &

o  O  I t r  l r r  l t l
! ' ) E  o l  o ( ) l  o o l  o  r J
q t i  L r r - l  > r - l  > v l  >  d

. o rl . 'r col ..i ol ..{
o  . '  l O  l O  d l  O
'. F{ F (4l (/)l (rl ru
B 2  2  |  |  I  0 r
o D  H - j  - . 1  - . 1  !
F]  O Odl  c . l l  ( ' l  1)
fl(-) 01 =J i -1 a

ll
l l
t l
l l
t l
t l
tl
t l
t l
t l
t l
l l
t l
il
l l
l l
lt
tl
tl
t l
tl
' l
t l
t l
t l
t l
l l
t l
il
I I

il
tl
tl
tl
il
t l
t l
t l

]J

(d

tl
q.)
1)
o

CJ
a)

o
tl

o
I

H

q

o

l]

o
a

0l)
P(u
.rt

H

ll

o
t)

]J

ro

.1

o.

.p

.A

q{
o

o

F<

tl
l l
l l
t l
l l
l l
t l

li
t l
l l
l l
t l
l l
t l
t l
r l
l l
t l
t l
l l
t l
t l
l l
t l
t l
l l
t l
t l
ll
t l
t l
tl
tl
t l
l l
t l
t l
l l
t l
I
l l
t l
tl
l l
f l
t l
l l
t l
t l
l l
t l
t l
lr
t l
tl
ll
t l
t l
l l
II
rl
l l
t l
t l
l l
t l
t l
l l
r l
tl
l l
t l
t l
l l
t l

.. ci r; ..
z F r o c r
{ : E O G I
( 9  f r &
I d ( 9 O r
r q z \ z

e  r \   

m d u L )
D T d J T N
o r i E E t d

\ I )  - -

N
\ o
N Z

> r'l O trl
F F c d F r
H t / ) o r (
& t ' l \ >
O E i C ) O
H O r l d Z

o . C ( t t t s l l d *
F o J t u E l d
z - -
{ o .
( J ( d
t E
H

4

a  ; . , ; c ;
f t l  C Z E l Z
z  f l r o F
E  + r H l , l J 4
o . ' s ) ( / ) t s - ] o

a  a z  o
o L l . l J t d : d c Q
Z A  O E < U )
{ H  r . t x D a
r f f ! A E l d O l

o o
p + )

( 6 r d
d F

o o
Er Fr

l J P

'd '.1
n n

b F )

;'; -
} d V

{ . p (r { E o >
o t d r r t d
r J c 4 c Q &
tl
. ! N q N
( ) r {  N  o t r  c . l

. r J ) ( J l L n
. t J F ) v s  C ! v s
o  N @  o  ( ' ) c ! @
t r  .  ! O

c Q O X F T N  3  X F *
o o D o  l d . o D o

c c o  o  F - l | ] m  o
l1  O  > i . r  O  > r :
' ' ' { . f r . J r . t l

- o 3 0 a J . .  d r . { o o . .
r , ( d  E F  , 6  E F
O F l t u r d ( l )  b U O c t d ( 4

rd El& &
H &  l ' l  Q d  r d
> o  F  > o  F
< { o  z  < o  z
z 4  H  Z 4  H

l l  r
i l {
l l  {
l l  {
l l  +
l l  t
l l  i
i l i
l l  r
l l  +
i l +
l l *
l l  +
l l  *
l l *
l l  *
l l  *
I t *
l l  +
t l  )
l l  *
l l  *
i l +
l l  *
l l  *
i l *
l l  *
l l  *
l l  *
i l r
l l +
l t  +
i l *
l l  +
l l *
i l *
ll r.
l l  *
i l r
l l  *
l l  +[ *
l l  *
l t  *
i l *
ll *
l t  +[ *
l l  *
l l  *
i l |
ll l.
l l  I
l l  I
l l  *
lt +
ll r
l l *
ll *
i l *
l l  *
ll *
i l *
l l  *
I t  *
i l *
l l +
l l  +
ll *
l l  *
l l +
i l |
l l *
l l  *
i l *
l l  +
l t  *
i l *
l l *
I a
l l  H
ll ld
l t u )
i l c
i l I d
I Z
i l B
I o

|-.
c!

N

r-
o

r;
E4
4

z
D
&

^;
+J
d
d

qt
.r{

A
1)
ll-{
o
)-to
d
g
a
c,qs
( [ ! n

os
+ J O

z

o
+ r E
0 ( J
d

o
E

.Fl
d s

F I H
U @

O (z . :
o 9
o
$ 4 Fsal i d

a
+ J O

t n k'.1 u
& =
l { *
o
+)
d
E

" i oi l n
H s f
z cr,
4
( F

8 ,6
H

&
tr,
hl
E1
4
F

D_t

frtc
o
I

g
f

g
(I'
o

a

O
cn

I

$
o\

I

-
!
F

c\.
o)
X
C)
r+
-!

A.
L{

B
a
g.
9...
Cd

,o
C)

o
oo
-e
fa

V)

oo

0)
CC

-
c.l
I
ti

E

E

b.
€

-
!7

T
v
O
F

=
-
g

B



o o o o o o o o
o o o o o o o o

v u o
o o o o o o o o o o

. 4 . 1
t J  ( 6 0 0 0 0 0 0 0 0
o r J
o o
a e l

rn
(t

_ X X X X X X > < X

3

I
I
I
I
I

d

F&
d
D
c)

E4 z

O  X X X X X X X X
i.i) - -

I
I
I
I B
t z
I
I  X X X X X X X X

* l + + + + l + t *

I
I
r t d
l u )
I

&  X X X X X X X X
q _ _

F

D E
Cl q)

F 4  X X X X X X X X
a - -
4

Fz
X X X X X X X X

i i i + * + t + +

F  X X X X X X X X( n - -

B

E1 Z

O  X X X X X X X X
t J : - -

&  X X X X X X X X
= l  - -
F

S e
c l ( n
F i  X X X X X X X X' - ^ _ _

a . l

E Z
O  X X X X X X X X
z - -
I
I

I F
t z
I
I  X X X X X X ) < X

* + * + + + t + i *

i
I t d
l a
I

6  X X X X X X X X
i & - - -
F

5 eo( / )
F  X X ) < X X X X X
c t  - -
td
F

E4 Z

O  X X X X X X X X
z - -

> l
el
H l

a lsl
,'l
Ni
"lcalol
(Jl
o l' l

\'
c0
Fl

l'l

&
a
c{
N

F

t l

o
a

:
|-]
a

t{

a

N

F

ar)

CJ
0)
ti)

Fz
X X X X X X X X

+ + * * + * i i +

;
H

rd

N

( J F{
d r o
O i N

: F O
ln

o  . r f )

1 4  . C \

o  i e
F  

: E '

o  . o

o  
: o

a  . Q

E {  ] r t
o . o

o
o
H

o.

o
o

, r d
, o

, o

..{
o
o
q)
o

tr

n

('
c',

J)

o | . .
c o

. d ( )

rd
d v ,
o .,1
tt -c

1)
v)
O t J
o O
5 q-{

( u d t
| .rl
b d

..1 U)

o >

rd
o

.-r O
r U 3
.,J O
! d
P A

c o
H O

Er

o)
t l

d

tsJ

<n

z

1)lr-l

(U

+)

. 4

,t

"i
N
@

dz

D

(9

|-l

Fl
zr'l
E
l'l
tsj

Ol

<t

H l
trrl
(9l
HI/,1
el
Fll
H I

fl
E{l
ol

i
A'I
Fll
U'I
DI

€l
:l
o l

:l
H I

ill
B I

rl

N

d
CN

. .  t d
td Er

Fl
tq
O ( / J

Or Ff

rO

or 1,
d o\
@ o
O l r
\ o
o a .
: 4

. . o
d + r , .  v )
T d  ( d ( )  J
A Q F  1 )
<  c r n  ( o
O c O t J
uJ ..t \ u)
E ! t u
r , t  o 4
z 4 , J .- : - -

n
,.t

+)
o
d..{

o z ' .  F
l ' l O ( J  o
O H D *  u
Z E 4 B  o
L l o \ ' .  o

< F t ' l
c 0  & t u  1 5
D r ' l t r ] >  o
o { ( / ) u F  o

o
I

o
tr

I
i*
'1.
+
I
.i
+
I*
+
+
+
I
+
t*
I*
+**
+
I
i**
t
i*
I
+*,
+

t*
I

t
+

ri(lt
t l
Ut

k
A

H

o
q
o

o
(6

o
.tJ

o
' n
1)
(!
o
o
Fl

o
J(
o

.rt
FI

C)

o
. d

tt,
H
o

..t

l+{

o,
r)
tr

' r l

o
A
I
+
+
H
Ir!
o
H
&
x
FT
H
4,

tt{

z
H
Cl

o
r-1

t l
l l
l l
It
l l
l l
t l
l l
l l
t l
l l
l l
l l
t l
l l
l l
t l
l l
t l
t l
l l
t l
n
ll
tl
l l
t l

tl
l l
t l
t l
l l
t l
t l
tl
tl
t l
t l
t l
t l
l l
t l
t l
l l
il
t l
l l
t l
t l
l l
il
t l
II
rl
tl
l l

il
l l
l l
t l
t l
tl
t l
l l
t l
t l
l l
t l
t l
l l
t l

.-) O

. + Z
o
8 t r . (9
H ^ U
O F i
u ( d
lU lJ F-1
B r o F l

lC rd
O E
C A

o o
r r 3
b
l t o
a )  l ] E l  . .

a o cni a
c  E  F l i t n
D cr)l Fl

r {  I r l
o  . l H

ln ! qr rnl d
o 'd \ol o
& a  ) .  I
D  C r  c  l &
o  . a e l  4
.n P .1 Jl ' l

( d  l >
-l :lF L?l
r !  o N l

H C,ll .P
c  l t !
o ,-r Erl

J <  F l  l O
. - i  o )  l o
rg B .nl f)
B  ca l . r

J4 l
. .  ( J  c ) l o

z .-l ol .lJ
o  d a l
H  ( J  l o
i  - . i 9

. r t  q ,
H  . . O I
&  o u l( _ )  z  t . .
t d  O  Z l e t
O  &  I A

c9 gl Ll
4  X  g t o
V E H I
:  o q r l
E  Z  l o
o  D p l  c

+r (J ,!l .-l
o t l
o  I  o !  N

'! ol d
I  z r - l
0 J  o i l  . . . p
g  H  l F i  c
O u) ldl F: o
6  &  l r ' r E

O  t ]  > t + r i  O
.  O  H  l t q  L )

o  E  O o l  O
o trl c-'l
s t& Nl ri
N  ' .  O N I  t ' l

" F F cnl El
B Z  Z  I E
o D H --l (
F f  O  O d l  H
f ! L )  t u - i O

tl
il
t l
l l
il
t l

tl
tl
t l
t l
l l
l l
t l
t l
il
l l
t l
t l
tl
I
t l
I
t l
tl
t l
tl
tl
t l
l l
t l
t l
t l

il
l l
t l
t l
tl
t l
l l
t l
t l
I
tl
tl
il
l l
l l
l l
t l
t l
t l
tl
l l
il
t l
l t
tl
t l
t l

CJ
l!

H

. . A r ; . .  q r
Z F I O O  O
4 : E O t r l
( J  & &  o
t ' l ( , o r  O
c o z \ z  t l

d u o  =
r o < t ' l U  o
D t r ] F l f r l  q
o l ! q l , 1 c (

m - -

o r o
d p

(!
c! -'t
N t l
\ o  o
a z  o
O  - -  I r

. ,  o .
.. I'r O.. . a o ' .  c

> l , l O L l
E r F . d F  o
H U J O r {  l J

o d t d \ >
z o F ( J o  C

a O l n Z  o
a . & d . . J  t I ]  . . r
E r O l A f d E  . l J
Z - -  - - . . ( u
< r .  o o
L) \O (d .-l
H o )  > : . - {
j d  o .
O r \  O .
q N
{ c.l\
> s  - l l J
l o o  - c

' O t
o  a  , , &  o . A
r d  C Z ? . 2 &
Z  t d O E r
B  + ) H E l J l q i
O ' . o ( r ] F I O O

o  o z  o
Q l'l .rJ td :E Cn O
z ' ]  o ? a  o .
4 H  s X D a  >
F - l L . O J t r ] d O { t r

o-
]J

(U
H
o
0'

ol'

..{
--|
E

z
ts
H

c)
]J

o

C B
(d

o.
o v( ) &

3
. + + J  E
(I' ll I'l
o o  d
L ) q J  s

q { @
C O  @
o ( J \ o c . r

-.1 ro \o
+ J  C ( r )
rd .C Fl

d  O  X H d p
. . r D o  o
. 1  c o  ! O
O . '  O  r J
C D c , u ,
c + r O U ) . .
o + r . ( ) F
( J { f u ( 4 ( 4

r
il.

t n 6  L l
E O  F

Z d  H

r

N

f*'

";Fr

z
D&

(t
+J
d
t
tn

.Fl

E
.lJ

+{
o
h
o
d
t l
a
o
U
d

o
.c
- r J O' z

o
l l F

U ' ( )
(!

o
E

.Fl

d c.r

F t :
U ;

C.

O {z . :
a 9
o

J 4 Eq a
E d
o >
+ J o

ttt k'r{ u
& 5

b f tg
+ J R
d i
E &

4
? h N  I

xP I
H t  j
2 CL "-tl

*  i lS i
E 3 . o l

E ; ;
E Z
F {

B ( J

IHI
8rU I  I r .  l
f , - - f , r E r l

o
P

5
I
(l'

o(n

c\
\n

I
.f,
o\

1 l

I

F{

F
o)
X
o)
+j

9.
F{

B
(n
g
q
co
s
o

bo
;
e

v,

bo
F
c)

c.i
t<

|.r

b...

-
v

c\rn
+o\
F

=
' -
?-

F

o
6,€

; ,E

:gl
,g
TE



ol

q

rl

q

ol
q
q
q

;
ol

q

-1

d

o_l

E
€l

q

iI
=
q
q

ol
OI

a
q
q

ol

o
-1

sq

@1
z)

H

4
A

Fl

o

rl

c!

r{
a1

d

lq

o
&

=
N

(t

i

o o
a p
o r d

l { . . 1
O c !

o
> 4
+ r -

o c )
( ) >

>r tr
t{ Q.

E (

& z
A H
< F r

B
tr1 r'l
z u )

N

N

CN

2 0
u z

- =
N

N
\ o
6 Z
o s

z o
< r,l
( J F
E t ( n
M t d

F

t u O .

c! c!

c ! N

N N
N N

N g

;
E]
]J. . ( / )

o o
td lJ

H H

Ei{

x
A

H
Ha
b
o

E{

iE
U
H

B

z
H

H
H
B

frl

H
H

tq
o
a
zo
H
U)
z
I'l
F
X
frl

fr
fr

v,
z
H
F
4
o
H
Fl
A
A
4

!
@ ) J  t r ,
P  C . 4

c n a )  o .
-,{ o (r)
H H O  \ O

O..q or o
n r J d o
o  o  c \ . . r
o - c  l {  3 ( r ) q - r
l { + J ( u o o t l - t
o  d F \ O
O O C  t -.(J -p '  >o o

C t l
u r . d  o  o  c  g
c  o E o o

'd >-Q l '1 O
( J . j 4 . . 1  ^ C

o  o N  3  0 ,
- 0 u l o r d C

0 D  r r  o o r  H L I
+ J . d € d l ,
- c o  \ - c  c )
(t p co .p -p

- ' l - G \ . - i r U
r r r d . d d B !

o  o  v u )
r . t  o {o
o  E  > o
] J a a ) . d . d
rE  O . -q  (n  (o ] J
3  . p \ o  o .

O  o ' E C
>-Q -{J d o - 'r
c  ( ! \ L )
6 ,-l Lo c)
Q. -l i c! '--{ '-l
E . i . { \ ( u . . {
o  3  ( D r -  o t !
o 3 c )

tl
tl
l l
t l
t l
l l
t l
t l
l l
rl
tl
l l
t l
r l
l l
t l
t l
l l
t l
t l
l l
rl
tl
l l
t l
t l
l l
t l
t l
l l
t l
t l
l l
t l
t l
l l

tl
ll
t l
l l
l l
t l
r l
l l
il
t l
l lrl
tl
ll
tl

o o ( r ) o r r o
. q  - l l . ' l  O
+ J ( U . C + J t { O

3 . p c o t r
{ J  ( O E O
C o . - r p E . . t
O - C ' { ( D O I J
E . p - d o | < 6
o  l r { J  o

.r -C O O >..{
9 . o  t r - Q d
oi..r  o Q. o.

( / )  3  >cJ  (d

o  E  o  ( ' ) !
! o r ) ! o c

t r o o t J ( d
. o q f  

o . O  O
o  o p l r J l
U )  - t r O O 0 )

' d . 4  0  0  ( J
c  ( r ) . d  o . , {
r 0  t r  + r JJ  >

0 J . u  l ! !
. > H t r O !

.-{ ..{ o .d 5
t U O  3 - r :
c  o o r

o  o  4 < . . r

o o o o o o o o o o o o  o o o o o o o o o o o
o o o o o o o o c ) o o o o o o o o o o o o o o
o o  o  o o  o o  o o o o o  < > o o  o o  o  o  o o o  o
o o  o o  o o o  o o o  o  o  o o o  o  c )  o o  o o  o  o

.i .; J .i .i.i .; .i .; .i .i .; d .; .; .; d .i .i .; .; .i .i

c\trn
I

\f,
o\

T

B
c)
X
a?

L{
g.

B
u)
a
e.
CU

s
C)

oo
;
d

,n
e

bo
k
ti
0.){-,

e
c\{-)
Lr

B
l-r

g
+)

v

X X X X X X X X X X X X X X X X X X X X X X X

X  X  X  X X  > < X  X  ) <  X  X  X  X  X  X  X  X  X  X  X  X  X  X

x x  x  x x x x x x I X X  x x  x > <  x  x x I X  x  x

X X X X X ) < X X X X X

x x  x I I I X x x > < x x  x x  x x  x  x  x x x  x x

X X X X X X X X X X X X X X X X X I X X X X X

X X  X X X > < X  X  X X X X  X  X X  X X  X X X  X X  X

X X X X X X X X X X X X X X X X X X X X X X X

X X  X X  X X > <  X X X X X  X X X X X  X  X X X X X

X X X X X X X X X X X X

X  X  X  X  X  X > (  X  X  X  X  X  X  > <  X  X  X  X  X  X  X  X  X

N
N

X X X X X X X X X X X ) < X X X X X X X X X X X

X  X  X  X  X  > <  ) <  X  > <  X X X  X  X  X  X  X  X  X  X X  X  X

l j

r)
c l

F{

\o
o

(.)
o
aJ)

: l  E l
cnl lal
Frl Fll' l ' l
Llj r.tl-l -l
*t *l* t * t
Q l a l
N I  N I- l^ i
"i "ldl c. l l
cnt (tl

ul "lol  o l' l ' l

E

;
rn
\c

Q
GI
N

ts{
6)
ci

a )

o)
q

E

'l

t l

U')
N
c!

F

c!

c)
a

F-l

bt

(,
N
C\l

F

r
c!

t)
c)

<n

z
J

I'l
s

a
N
N

F{

ao

O

a

;

\()

(,
N
c!

F

N

a t

o
a

E I  E I  E I : I  E I  E I  E I  E
col ol ral cal cnl ml ml tr
Fr l  Fr l , - r l , r l  Fr j  * l l  F- ] j ;' l ' l ' l ' l ' l ' l ' l '
bll rdl r'll kll lrll r'll r,ll r.
el \ol \ol \.ol \ol \ol \ol \3

t t t t t t t
r,lalxltlxl e,lui e,
( n l ( r ) l ( r l l ( n l ( o l ( ' ) l ( ' ) l u
N l N l N l N l N l N l N l N. ' l  *l ^l Nl Nl c.' l c'rl cr
*l 

"l 
*l E{l Fl Fl Fl Fi

sl 'nl \ol r--l ol dl Nl ..
- l  - l  - l  i l  N l  Nl  Nl  c !

crl ol c'l ol ol c'l ol o
arl a'l ol ol ol ol ol o' l ' l ' l ' l ' l ' l ' l '

E I E I >
col ml rI
Ffl Ftl ;
@ l a l v .

lrll Lt]l tr- l - l *
t l

r r l e l e
(n lLr l l (n
Nt (\t c\l

"u l * l -' l  - l '
lil c.:l (n- l * l -
o l u l o
ol arl oU)l(4 l ( / )

;
It

N

&

N

F

N

0)
Q

!l

N
N

Fr

(_)
o

;

U)
G
N

Fr

O
o

c\\n
+c
F

=
tn
t-

"F



r , i ;
> o
4 A
z 4

l{

d

;
.p
o

3 F l

F > i
H

> ( U
t.t (9
0)
F a

r t ] \
t l

i l ;
E O
< o
z 4

IJ

r1
rd
tl
o

l)

q)

-l
JJ
. a

!,

3

]J

16

. d

d

F X' . n - -
4
ln

E j Z

O X

3
z

X

rl
t l
l l
t l
t l
l l
t l
il
l l
t l
t l
l l
t l
t l
l l
t l
l l
l l
t l
t l
l l

it
l l
II
il
l l
t l
t l
l l

il
l l
t l
t l
l l
t l
t l
l l
t l
t l
l l
t l
t l
l l
l l
t l
l l

o

o  o o

o - p
o o
( / ] E {

I

I
r t d
l ( ,

& X
E l - -
FT

D B
Cl( ' )

. N

. o

. F r

. o

' o

' ( r )

. r'l

. o

I H

' t'l

: ._r. ( U
. o
. o

g)

tr
lJ

. d

d

(t

€

rU Ol
g c r )
o o \

O i +
6r r-'

O N

o o J
o

E h
G
0 ) ( l )
. l l ' - l
@ E

t)

.l tl
( d 0
O q-l

cr .a
o o t

dr C6

.4 V)
v) .4

O I J
o
o >
t { . o

!
.-{ o
r u 3

' 4 0
l { d
.P .i

H O
L

tl
t l
tl
t l
t l
t l
l l
t l
t l
l l
t l
t l
l l
t l
t l
l l
t l
l l
l l
l l
t l
l l
t l
l l
l l
t l
rl
tl
tl
t l
t l
tl
t l
l l
t l
t l
l l
t l
t l
l l
t l
t l
l l
t l
t l
l t
l l
t l
l l
t l
t l
l l
t l
t l
l l
l l
t l
tl
tl
t l
l l
t l
t l
l l
t l
t l
t l
l l
r l
t l
l l

*
.F

*
i*
I
i
t
t
+
i*
l.*
**
I
I
t

I*
+{*
+**
+*
+
t
I*
.l

+
.l

i*
+

*
**
**
t
t*
+**
I
+*
t

*
+
t
i
+
t*
.l

I*
.t*
l.

tl

ll
tl
l l
t l
il
l l
l l
t l
l l
l l
t l
t l
l l
t l
t l

ti
l l
l l
t l
l l
t l
t l
t l
t l
t l
rl
l l
II
l l
l l
t l
l l
t l
il
t l
t l
tl
t l
l l
t l
r l
l l
r l
t l
l l
t l
l l
t l
rl
t l
tl
t l
t l
l l
rl
t l
l l
l l
t l
l l
t l
il
t l
t l
t l
l l
l l
t l

ti

r-- I
Nl
(.rl

I
" l
o l

:l
EI
B I

l l
t l
t l
l l
t l
t l
l l
t l
l l
t l
t l
t l

li
t l
t l
l l
t l
t l
tl
t l
l l
t l
t l
l l
t l
t l
l l
l l
t l
l l
I
t l
l l
t l
t l
l l
l l
l l
l l
t l
t l
l l
t l
t l
t l
l l
t l
l l
l l
t l
l l
t l
t l
l l
t l
t l
l l
l l
t l
l l
l l
t l
l l
t l
t l
l l
t l
t l
l l
t l

C;
u

" 4 L . .  q r
Z F f  O O  o
{ ! E O t ' l( 9  & &  c )
r d o a  o
r a z \ z  ' ' r

e  r \  ^

m 4 b t ( )  o
D r ' l F l l n  A
d ,  1 r - 1  *

; : :  -
o\ c)
r{ t)
\ 6
I  ' .1

N !
\ o  o .a z  o
O  " -  l l

. . o .
" E J  o '. . o o . .  4

> f t t o E l
E { E r d F  O
x < . r r & {  . p

o c ( t n \ >
z o F ( J o  C

H o t d z  o
G. C( d F-l td ..1
F t u O r I d d  l r
Z - -  - - . . . u
{ c r  o . o
L ) ( o  l ! . d
H o r  E - {
F d  o .
O r \  O
01 s {
< N

> s  r l l J
m ^

. o t
O  

. d . . E o - . {

t d  C Z E j Z &
Z  r ' l O F
B  P H l d ! q r
O " r ' ) ( l l F l O O

a a z  o
O 0 l l l l ' l t c r O o
Z A o E - a  o .
< H r r x D o >
F f t a O . E l C ( A E r

l l
tl
t l
l l
t l
t l
l l
il
t l

ti
tl
II
l l
t l
l l
l l
t l
t l
l l
t l

li
t l
l l
t l
t l
t l
tl
t l
l l
t l
t l
t l

o

N

Cr)

d

;i
. . t d
l n F

O r'l
Fl

t a
O t , r j

e 4
or Ff

; -
o r !
d o\
f ) o
N l {
\ A

::
& p  "  o
t ' l  r d u  a
H H T '

< c r d  ( d
O r O  { l
L1 .4 \ (r)
B p o .
r d o <
z < A

4 . 1

a

& X
r , f  - -
F

4
D B
O ( ,

F X
u )  - -

E

z

Bz
X

Q
a

E
a

_ X

g

z

_ X

B
z

X

F

o
U)

I
I
I
I
I
I

I

i
I
I

F

{
o
Er

(

F

z

' o

l l  I  O
f l . +  z
l l  o
II  B G.
lt (9
i l !  o
ll o ' Fl
l l !  r 0
l | ( d t r F f
l l B  ( d  F - l
ll ld C'l
i l l j  B
N H

I A  . - r
l l o o )
l t r r 3
ll ol
f l r r o
l l  o  t r  t l  . '
i l d o ol o
ll d E |fl Ll
ll D > tal F:
l l  t r  s  I F I
l l  "  o  o  { H
ll r'l E qi rnl d
ll u r,r \ol o
u e  r /  |
f f  D f !  c  l &
l l  o  o  . ' r c 4 <
fl (/) .-1 | r,l
i l  B  . t >
ll (4 +t cDl
l l  O c r l  '
l l  H N j  !
ll .-r I q-r
l l  E  - r F l
l l . r l
l t L r ) o . l
i l  B r l
ll rr irl
l l  r z l
ll o (Jl o
ll z ..i 0)l p
l l  O  d ( 4 l
l l  H  ( J  l v
l l  F  _  . l L o
ll o. sl d
l l  H  . . o l
I  e  o L ) l
f t  ( )  z  l "
l l  Q  D q ' l  ! t
f f  t d  O Z I E +
f f  o  &  l o .
ll (9 El rd
i l  z  d o l  o
ll O l,l rrl
l l  E  o q r l
f l  E  z  l o
l l  O  D r r l  d
ll () ql --l
l l t l
ll I r-l c!
ll c'rl d
i l z t ' .
l l  o  1 . . !
l l  H  l ' l  C
ll tn t' l ld 0)
l t  & l r '1  E
ll (') > r'l rrlB E
l l  t !  c  > ' { - r l  O
l l  o o  H  l t ! ( J
l l  E  o c o l  O
ll o td (\l
ll I'r ell d
l l  c n  O - r l t ' l
i l  >  t F
ll '. F F rol r,r
t t B z  z  t E
l l  o D  H - - . { <
l l  r ]  O  O . r l  u
ll t& () tu -iA

H
4
ll
A

o
o
o
o
o
d

o
.lJ

o
. A
!
t[
o
o
H

o
x
o

. . t,{
U

;
o..{
qt
t{
o
,.1

qr
o

v,
{J
c

. r l

o
H

*
I

+
H

H
fi

&
trl
r
4
E

tr.
o

z
H
H

4
o
Fl

o

.t)
rU

.rt
F
t{

1)
o

!
o)

t {

a ;  . .
r d o u
O x P -
z e < B
t ' l ( ) \ . .

< F i r n
c O  & O !
D r , l L l >
A ( l ) O E {

t l
t l
l l
t l
tl
tl
t l
t l
t l
t l
l l
il
t l
t l
il

F
z

& X
G t - -
F

4
D B
c) ( r )
F X
a - -
t'l
E

E1 Z
&
O X

X

Ero
Ff
tn

&
a
N
N

F{

r)
ar)

a )
o
(n

a;
u,)
N

rr

^
trr
c

(9

. t

F
z
E
l'l
Fl

U)

o '
! '
o ' .
( l'l

F ]  ' D

4
H  . L r

&  . o
F
a r'l
P ( )
o  . d
Z F I
H O {

:TF . :TF

U'
ts
o..1

]J

16
tl
0)
n
o
c|t
d

._l

c
. i l

E

a
d

z\
d

H

o
t)
U)

C B
(d

A
E ( ' J
o v

i

4 t  E
r0 rr f'l
o o  &
( J U {  v

C o @
o ( r \ o N

.F.l (O \O
p  6 r o
' O o X H d p
- ' r b o  o
, - r  t o  g o
o . '  o d
o d  ' v )
c . p o ( / ) . .
O I J  O F
L ) 4 o l ( 4 ( / )

d

a &  r ' l
E O  F

Z d  H

r-.

c!

\o
N

r

..:
Er

z
D

t;
{J
d
o
UI..{
s
+)
ll{
o
>t
o
fd
l'{
5
C)
(J
.d

0,
E
r r o z
o

I J F

trl
O ( J
d

ffi4fl
o
q

C'

l

(J

o
o
a

ca
\n

I
.f,
o\

I
.l-

t-r

B
c.
c.)
Xq?

A.

B
U)
g
P"
Cg

p
C)

op

,t
!r

bo

C)

F
c.i

F
|.r

\
ii

P

a-!

--.

v

o
E

.rl
d s
-l 3
U ; (')
oz

;
@ V
o

J 4 F
d a
E d
q
+ J O

o k
.rl (J

i . 5
t t *
o *
+,
J6
F

HS
H I
z cr,
fi
4 F
EE

H

r. l

F{(
B

cn
rn
+c
F
Z
rr-.
-
,J4

F



ol

dl

o l
o l
o l
<I

;
.= t
ol
al
o l
GI

o-l

;
ol

ol
al

6l
=
o l
o l

ol
a
o!

o i

zl

H

4

r

o

N

d(.)
N

ro

d

f'l
D

t!

Ol

o q )
u, t)
o f d
g o

o o
H ' . 1

o . ! (_)
> 4

! -

o o
( ) >

> t l
tr o.

; ;
O r H
< F
Or (J

. n 4
B
r:l Ll
Z a

N

r--

N

.. ci

z o
tr) Z

fr
d {
D t d

; =
c!

d

\ o
N Z
o s

z a
4  t l
( , F
I'J u)
lo l'l

H

r a o

o r a

c { N
( r ) o

d ( f )

;
r'l
lJ, ,  u )

o o
f d !

H t {
l g O r

g)

o
o
tr
ot

H

+J

o

H

o

r'l-
tu
o

;
ol

r.)
d

LO

q)

+)
(d

u
o
{
0)

l]

o

O r H
< F
f u ( J

B
t'l lrl
z u )

cll

o

r

N

' . o

z o
Q Z
c a (
D t'l

: -

\ o
N Z
o !

z a
{ t d
U F
rd Lo
m E l

F
c a o

; ;
or ol
or ol

o r @

r'l
]J

. , o
O o
t l  !

B l {

tl
l l
t l
tl
l l
l l
t l
l r
l l
t l
tl

ftl

oo
&
A

H
H

tr
v,

H

H

F

z
H

H
H
B

trl

H
H

frt

U'
7,
o
H
o
z
FI
H
X
H

&
o
trt

v,
z
H
H

4
t l

H
Fl
H
H
4

co(n
I

s'
o\
-ll-.

I

L{

B
c)
X
o)

fa

CI.
L{

B
aq
9.
Cd

.o
o

ho
;

a
H

bo

0.)*)(s
-

6l
H

F
Lr

\-\
ir

v

t{
O N
+ J N
c f )
o s
C ) o

cn(n

+
O
F
z
TL
i-
,7
F

o >
( ' , l {

{J
l o E
i t d



l l
t l
t l
l l
t l
t l

c a d
E A
{ o
z { ,

tl

rd
E

.p

. p H
o  o N
Or .lJ N

C r o
C  ' O s
3 F f ( ) c o
o
F  > -C  E r

> 1 6  5
t { ( 9  O  >
o ( r l {

r i  i .o  E
o d t d

i l ;
E O
< oz 4

o  o o
. d 4

J J  T O O
o .lJ

o o
( , e 1

& Xt . t  - -
F

D B
O ( r )

F X
u ) - -

L l

rn

. o

. O

. N

. F

rd
a-
r,.

o
H

&
r.l

O{

E]

F X
a - -

B

E j Z

O X

I
I
I
I E
t z
I X

I
I

t E l
l ( n
I

6 X
l ' l - -
F

D E
C l ( r )

F X
a - -

fr

E4 Z&
O X
z - -

' E  X

. F r
' d

' D B
. c I ( ,

E
z

X

B
z

X

o .
D

t

. d

+)
(0
.lJ
li

U)

o
g

{J

o

ru
tr

E

o,.{
{J('
t l
q,)

o
c|r

6
o

.-{ tl
( d o
O q {
o

{J

o b l

O ' . 1

o + j
o
o >
tr .Q

, i o
1 6 3

! i
+ r d
v r 4

o p

H O
f4

o
tl
o{

{
Er

z
H

rn
a

o
UI

c'l

3
o

q{

o

t)

aJ

P

d

o
p
tl
4

o
]J

..1

t{
0)
p
(It
F

(I)

C!

d

;
z
A
D

&(9

tl{.
z d l
t l  \ o l
t rr)l

F - t
Or tO
O r l
D t l
a c

& X
t . l _ _

er

D B
o l ( n

F X
u ) - -
r'l
B

e t Z

O X

tn

trr

r

d
. a

{#

. . 1

o l*'l
r l

H I
'-rl
rnl
E I

o
trt

C)

o
z
c .

'  F ]
(d

P F I

rd Fi

3

o
3

()
r r  E l  . .
o  o l  o
E  H I  T

tnl r-]
tr | ,-l
o .l Hqr LJI d

\ol o
J z l

..r dt <

. - r  l [n
{ >

l+ rrl
A .f)1
H (\l r|J

t q
-l F.l
6 J
B r l

o l
J4 I

..1 Ol lJ

.1 Al( ) l
frl

. .  o l
o rJl
z  t . '
o  z lE j
&  l o l
(9 gl rd
c6 Ol O
l'l tll
O qil
z  l ( r )

'rl '-l
r l
t o l

fr)l
z @ l

H  l . r
(n rnl Fl
&  l r d
t'l +rl B
> q{l
H  I f &
o r - l  o

r l
l,r \ol d
o l t , ]

I F
F c4l l'l
z  i E
H - - 1 4
o i l  H

qJ

F

l l
l l
t l
l l
t l
l l
l l
t l
t l
l l
t l
t l
l l
t l
t l
t l

!
c)
(o
E
fi

o
H
c | ! >
lr lt
o o )

N F

H

( J B

o d
u )

@

N
d

I

;
Ft

H

()
trl

z
E
E
o()

U ) >
q g

o 0 )

o r l l

; . .
. ' F

B Z

I,r (J

c
o' A
!
r0
o
o
A

x(,,..{
F{

U

;
..1
o
t l
o
..{
cl

l+{
o

o
$
.,t
o
A

*
I
+
H

o
H

&
x
E
E{
4
B

tq

z 
H
H

4
o
o
1.1

l l
r l
t l
l l
t l
t l
t l
il
rl
tl
t l
il
t l
t l
t l
l l
t l
t l
l l
r l
t l
l l
rl
t l
l l
t l
l l
il
t l
l l
l l
t l
t l
l l
U
t l
l l
t l
tl
l l
t l
l l
l l
t l
t l
l l
t l
t l
l l
t l
t l
l l
t l
r l
t l
tl

c!

d
a.)

i

t I ] F i

F]

tq

O ( / ,

Or Ff,

@

d

d

& p  "
t d d o
0 1 O F
< d ! ' l
o { o
<n -4
B p o .
L ]  O <
z 4 . J .- : - -

tl
l l
t l
t l
l l
t l
t l
t l
l l
t l
l l
t l
t l
l l
t l
t l
l l
t l
t l
l l
l t
t l
l l
t l
t l
l l
t l
t l
t l
tl
t l
t l
l l
t l
l l
l l
t l
l l
t l
t l
tl
t l
t l
l l
t l
t l
l l
l l
t l
t l
l l
t l
l l
t l

o

{
;

]J

rd
+)
tn

o
..-l

]J
.6

..t

H
c)

P
c)
o

o
o
u)

o.

Or

ii

qr

o

tf

o

c)

rd

t{

|{
o.

t)

. d

t)

1 6 . d

E i

4

d ;

' U t

z &
J< ql
o o
o

o >
O r F

.. ci rI . '
Z F I O C I
4 1  . - 1

d e

hl (9 Or
@ z \ z

c 4 ( J 0
@ { r , t o
J T H T
n . + r - 1 t

\ o
n z
O ! -

> H O r ' l
E T E T E F
H ( r ) o ] <
& l n \ >
O F O O
H o t d z

a ' d d F l l r ]
F t u o . l n d
z - - - -
{ s
(J \0
H c r l
F l d
O { \
o ] s
< o

> r n

a  ; . . ;
& l  C Z E j
Z  ! d O F {
B  + r H t ' l
O . . e ( ' F f

a a z
o t d ! r d : E
z ' - ] - o F  a
< H I T X D
F l L . O c t d d

; ;  . .
r , t o ( J
O e ; 1  -
Z t l B
I d ( J \ . .

< t s r t d
r a  & o a
D E r t d >
O I C D ( ) F

tl
l l
il
l l
t l
t l
l l
t l
t l
l l
t l
t l
l l
t l
t l
l l
t l
t l
l l
t l
t l
l l
t l
t l
l l
t l
t l

o

o..-.1
p
rE
l'l
a)

tn

..{
E

o
z

c)
P

o
o
B

V

E
l.l

i

F
U)
t l

tI]
F
z

l!

o()
.-l ]J
1 6 g
o q )
L) q-.1 s

H @
C o c o
O L ' \ O c !

P  Q L O
r! .C ri

!  O  X H
. d F )  O
--t ttl ll
o . .  o
t h d ' u )
c r o o
o { J . o
( ) d o . ( n

; i
> o
d o
z d .

f-

c\,1

m

F-

t;
F{

z
5

d
+J
d
t

m
.Fl

,4
+J
tl.l
o
>r
o
d
$
5
o
o
d

o
t
+ J O

z

o
L -

O ( J
d

r)
m

z
E

F-l
U

z

F

F-l
Or
Or

o
E

.Fl
d

-l
U

oz
a
o

J1
d
E
6
+J
E
bl..{
x
H
o
+,
6
F

c;
2
Hzxs
a5

Eg
w

o
q

E
g
f,

o
(E
o

a

:+
\o

I

vo\
-
t--

l-{

F
()
X
q

+'?

l<

B
(t)

a
O.(g

,o()

oo
;
CO

V'

oo
ti

0.)

Cg

E
N
Lr

F
H

ii
H

-

l l
t l
t l
l l
t l
t l
l l
l l
il
l l
l l

l l
t l
l l
t l
t l

rf !!
e i i
\ f t i
CD ii

l l
" l l

F t l
:E ll( 9 t l
H l l
c( ll

l l
c6 ll
t t  i l
Ei ll
< t l
E l l

e
Y
$
O
F

=

-
-

F



BI
ol
o.l

€l
6 l

o l
ol
ol
<l
;
.!?l

L l
al
ot
> l

n-l
;
ol

6 l
6 l
q

6l

agI
cl
ol
ol

al
ol
9l

6l
AI

ol

6 l
zl

H

4

a

F{

.1.*
o r*
Z **
a l +

N

m

t,1
D

t!

=
N

c|l

Ol

c)
.p
(u

. d

t)

(, c)

1 6 0
q r f

. i o( u <
a 4

a ;
O I H

< F
or (J

B

z u )

N

N

^
rd :E

z L t
r i z

; :
N

\ o
N Z
o g

z a
4 C l
( , F {
rd q)
CQ ft]

F

1 1
o o

N N

(n or
N O

i r t

;
l'l
1)

o 0 )
td .p

H l l
b o l

N

a-)

J

I*
+

*
I
f,**

tl
l l
t l
t l
l l
l l
t l
t l
tl
t l
t l
tl
t l
t l
I
t l

rd

!

l!

Or

;
Ol

(f)

lr)

o o
u, t)
o r d
H O

l { . d
Or .lJ()
]J 

-

o c ,
U >

> l l
s o
o o .
_ E <

t l
l t  . .  ' .
I  e z
ll r,l O
l l  O { H
i l d F
I I  o { ( J
l l  ( / ) <
i l B
ll ln r'l
l l  z @
i l  - -
I o
ll ot
ll o,
l a
i l \
ll r-'
l l  i
l l \
l l N
t l  o
l l . .
l l  . ' o
i l  o d
il r,t :tr
l l  o
I t z ( '
l t  Q z
u e
i l  c o {
l l  p E l
l l  e : E
i l  - -

l l  o \ -
ll o\
ll o)
ll .+
i l \
ll o\
l l  o
l l  \ o
l l N z
l l  o -
t l
i l  . .  . .
I  z A
ll { t'l
i l  ( 9 F
l l n c n
ll co t'l
ll F{
l t c q o
l t D e
i l  t u t u
l l - -
ll or o't
ll or or
ll ot ol
l l  d - - l[  \ \
l l  o r @
l l  N o
i l  \ \
ll d tr-)
l l  o o
i l  . .
i l o
l l  c
ll r'l
ll {J
l l  . . o
l l O o )
ll r,l P
l l  d o
l l H !
ll r,. o.

*
.F**,
t*
I

h

&
A

H
H
E

at

o
H

H

tr
B

z
H
Ei
H
H
F
E

H
H

h

at
2
o
H
o
z
FI
H

x
t'l

&
o
f{

rn
z
o

H

4U
H
>t
A
A
4

tl
l l
l l
t l
l l
t l
t l

il
t l
t l
l l
I
l l
l l
I
l l
l l
t l
il
n
tl
l l
l l
il
t l
l l
t l
il
l l
t l
l l
t l
t l
il
l l
t l
r l
l l
t l
t l
l l
il
l l
l l
t l
t l
l l
t l
t l
t l
t l
t l
l l
t l
l l
l l
t l
t l
l l
t l
t l
tl
tl
il
l l
t l
t l
t l
t l

\f,
\o

I
\f,
o\

-

B
q)
X
C)
+,t

l<

O.
Lr

B
u)q
g(s

,o()

bo
;

,t
P

bo
Lr

0.)

I
c\
$-.r

B
l-r
-t

H

v

$\o
+
O
F

=
nl
9-

F



o

+)
o
q)
a

i
I
I
I

t-l

F{

4

Er
U)

E{

' < ,

l'l
F

ET
(t
t'l
E

Er

o
I
I
I

i
I
I

I
I
I
I
I
I

t'l
F

o
Fl
U)
4
L]

Fr

z

Fl

o
F{
a
F]
B

E-.

z

q

a
D

t!

rrl()
i

C)
!'t

a)

.p

t{

tH

1)

v,

.tJ

o
3

(
1)
o
o
f4

t1 c)
O l l
E O

l n (

()
H

z
:

. N

i e
: F

. o

' O

, &

. E l

. ( n

. f 4

. L l

U)

q)
!.)

-rt
3

d

q

c)

o))
IJ

(o

o
t)
tl

o.

u)
IJ

. A

rl

.lJ
(t

B

c!
@
d

\0
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APPENDIX VI.s

Surface Water Monitoring -
Flow and Water Quality Data
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Groundwater Monitoring -
Water Level Data
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APPENDIX VI-11

USGS Streamflow Data



usGS surface water data for USA: usGS Surface-water Monthly Sta... http : I / w aterdata. usgs. gov/nwis I monthly l?referred_module:sw&amp ; s

" i ' '  i  :  :  ,

Water
Resources

NatiOnal Watef InfOrmation Data catesory: Geosraphic Area:
System: Web Interface sudace water United states

Nation

Emery County, Utah
Hydrologic Unit Code 14070002
Latitude 38o51'33", Longitude l l 7"75'.41" NAD27
Drainage area 104.00 square miles

HTML tab le  o f  a l l  data

lTab-separated data

lReselect output format i

TISGS Surface-Water Monthly Statistics for the

The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site, For more details on why the statistics mry not match, g!!gf[g4g.

USGS 09331900 QUTTCHUPAH CREEK NEAR EMERY, UTAH
Available data for this site Time-series: Monthly statistics

Output formats

00060, Discharge, cubic feet per second,

Apr

Monthly mean in cfs

Jan Feb I Mar

1981-09-30)

1978

a ryt,

Mean of
monthly

Discharge

[ 6^10 ,nn
[  l s j

,  4y ,

18 .8 9.201 3.98 1 2.4|  1.96

N* F;
a, FA
a Ln,4R

27.8117 .3 |  r  r .+ |  4.oel  2r .7 ae,%FA
6"or I rre, L6s, 4os t--3.3  8;SrFFFl:FFFF

* * No Incomplete Data is used for Statistical Calculation

Questions about sites/data?
Feedback on this web site
Surface Water data for USA: USGS Surface-Water Monthlv Statistics
http: I lw aterda ta. usgs. gov/nwis/mo nthly ?

Retrieved on 2007-07-23 13:52:56 EDT
Department of the Interior, U.S. Geoloqical Survev
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Surface Water for USA: Peak Streamflow http://nwis.waterdata.usgs. gov/ut/nwis/peak?site_no:093 3 I 900&ag

7 /2312007 I I :55 AIt

USGS 09331SOO QUITCHUPAH CREEK NEAR ETflERY, UTAH
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uscS surface water data for usA: usGS Surface-water Annual Stati... http: I I waterdata. usgs. gov/nwis/annual/?referred_modu le=sw&amp ;s i

, !

Water
Resources

Nationa I Water I nfOrmation Data catesory: Geosraphic Area:
System : Web I nterface surface water united states

Nation

Emery County, Utah
Hydrologic Unit Code 14070002
Latitude 38"5 1',33",Longitude 1 1 1 "15'.41 " NAD27
Drainage area 104.00 square miles

HTML tab le  o f  a l l  data

lTab-separated data

I Reselect output format

00060, Discharge, cubic feet per second
(Calculation Period: 1979-10-01 -> 1981-09-30)

Calculation period restricted by USGS staff due to
special conditions atlnear site

USGS Surface-'Water Annual Statistics for the

The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site. For more details on why the statistics may not match, g!!gf[949.

usGS 09331900 QUITCHUPAH CREEK |{EAR EMERY, UTAH
Available data for this site Time-series: Annual statistics

Output formats

Water Year

I tsts 16.73
10.8Irsro

Iruar lt.te
* * No Incomplete Data is used for Statistical Calculation

Questions about sites/data?
Feedback on this web site
Surface Water data for USA: USGS Surface-Water Annual Statistics
http: I lw aterdata. usgs. gov/nwis/an n ual ?

Retrieved on 2007-07-23 18:12254 EDT
Department of the Interior, U.S. Geological Survey
Privacv Statement ll Disclaimer lJ Accessibilitv ll FOIA ll News ll Automated Retrievals
L  l 9  1 .07  ca02
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usGS Surface water data for USA: USGS Surface-water Monthlv Sta... http:llwaterdata.usgs.gov/nwislmonthly/?referred_module:sw&amp;s

' : ' . ' '  i

Water
Resources

NatiOnal Water InfOfmation Data catesory: Geosraphic Area:
System: Web Interface surace water United states

Nation

Emery County, Utah
Hydrologic Unit Code 14070002
Latitude 3 8o5 7',41" , Longitude 1 I 1o 1 5'07" NAD27
Drainage area 13.60 square miles

HTML tab le  o f  a l l  data

lTab-separated data

I Reselect output format

TISGS Surface-'Water Monthly Statistics for the

The statistics generated from this site are based on approved daily-nean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site, For more details on why the statistics may not match, g!!gk fo4g.

USGS 09331950 CHRISTIANSEN WASH NEAR EMERY, UTAH
Available data for this site Time-series: Monthly statistics

Output formats

I

] 
YEAR

I rr?8-
a rr7r

00060, Discharge, cubic feet per second,

Monthly mean in cfs (Calculation Period: 1978-08-01 -> 1984-09-30)

F"b E;iAp. tr"y tilfu'r-F,,s [s'p-[o.t lfftr;;
I- t- f [_i _,
a !Jar,", t tqal t?
I

0.e80 |  1.121 4.4e |  7 .361 6.Zs rnf sts[ s-:s a LnF-*
[o.o8rt-t--[*t|-Tlsf]rs- ans, 6s2a L:;a ,A?a*,

3n, M\:na 4.sralp 4.69 4na rna !^9[..rT['*
s.50 I  516l  2.s01 4.88 1 7.80 16.21 t .ot l  e.s6l l .+: I  r .7s

--
0.7621 1 .81 1  4 .601 4 .e71 l t .6F3rfr lz[ t t t [- r

FMean of
monthly

DischargeFFFFFFFFFT
* * No Incomplete Data is used for Statistical Calculation

Questions about sites/data?
Feedback on this web site
Surface Water data for USA: USGS Surface-Water Monthlv Statistics

Top
Explanation of terms

I  o f2 7123/2007 l2:10 Pl
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Surface Water for USA: Peak Streamflow http ://nwis.waterdata.usgs. gov/ut/nwis/peak?s ite_no: 0933 19 50 &ag

7/2312007 12:11 Pl

USGS 0933195CI CHRISTIANSEN WASH NEAR EMERY, UTAH
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usGS Surface water data for USA: usGS Surface-water Annual Stati... http : / I w aterdata. usgs. gov/nwis/ awrual/ ? r eferred_mod u le=sw&amp ; s i

, - - . 1
]  

, ! . . . '  
.  :

Water
Resources

Nationa I Water InfOrmation Data catesory: Geosraphic Area:
System: Web Interface surface water United states

Nation

Iroto

Emery County, Utah
Hydrologic Unit Code 14070002
Latitude 38"5 7',4I", Longitude l1 1o15',07" NAD27
Drainag e area 1 3 .60 square miles

2.66

I

IHTML tab le  o f  a l l  data
t

lTab-separated data
I

I  Reselect output format

00060, Discharge, cubic feet per second
(Calculation Period: 1979-10-01 -> 1984-09-30)

Calculation period restricted by USGS staff due to
special conditions atlnear site

USGS Surface-'Water Annual Statistics for the

The statistics generated from this site are based on approved daily-nean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site. For more details on whv the statistics mav not match. click here.

USGS 09331950 CHRTSTIANSEN WASH NEAR EMERY, UTAH
Available data for this site Time-series: Annual statistics

Output formats

Water Year

* * No Incomplete Data is used for Statistical Calculation

Iroso 13.32
|  1e81

Itotz
11e83 ls eo

la.+z

Questions about sites/data?
Feedback on this web site
Surface Water data for USA: USGS Surface-Water Annual Statistics
http://wa terda ta. usgs.gov/nwis/a nnual ?

Itot+

lw
Explanation of terms

O Retrieved on 200 7-07-2318:13:45 EDT
Department of the Interior, U.S. Geological Survey

Brivacy Statement l l  Disclaimer l l Accessibil i tv l l  FOIA ll News ll Automated Retrievals

I  o f2 7/23/2007 4:14 PIt



USGS surface Water data for USA: usGS Surface-water Monthlv Sta... http : I /w aterdata. usgs. gov/nwis/monthly/?referred_modu le=sw&amp ; s

' ' r ' |  

<  ,  ,

Water
Resources

NatiOna I Water InfOrmation Data catesory: Geosraphic Area:
System: Web Interface surface water United states

Nation

AH
col

IISGS Surface-'Water Monthly Statistics for the

The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in olficial publications. The user is responsible for assessment and use
of statistics from this site. For more details on why the statistics may not match, click here.

USGS 09331500 IVIE CREEK ABOVE DIVERSIONS NR EMERY, UT
Available data for this site Time-series: Monthly statistics

Sevier County, Utah
Hydrologic Unit Code 14070002
Latitude 38o45'30", Longitude L11"25', 15" NAD27
Drainage area 50.00 square miles
Gage datum 7,100.00 feet above sea level NGVD29

Output formats

HTML table of  al l  data

00060, Discharge, cubic feet per second,

Monthly mean in cfs (Calculation Period: 1950-09-01 -> 1961-09-30)

@-[M;E;[M"y 1.,* t-r"r-t A"t[s.p-[o.t tr;F;
t- - [- [l[--------------- a-a L%at6a LnEn

a rnaLr?a Lna rssarcra ?n 2 s?a 2v, tlrs F6o
a:r,s, IrrsIrrrl3xIret a 3%a nsf sAra ?s,t 3,rol 4n, 4.Bott-

3ro [ 3^:o t- 4io t- 5^so 4.631 o.++l s.rs |  +.os Lna Lts[ zls tl^ts
, z:4a4noFrsa ^^ 3.s8 | t . tal : .r  I  z.tzl LnTEa LwEA

rro [- r-e? a Ln[ aro- | +.tt I z stl 2.7s LB2a tAeatAr\n
rrr l-  l i r ,  z:rr l  ,  

"
2.741 3.77 1 1.s8

rroI l^:8a rsolrt t l

l8 .e l  4 .3r1  3 .87
Lloa ,sol tAa 6 u 6.e7 1 7.181 s.8e

a Lrq[ nrarA6a Lrl a Lna rn| 3r4
1.60 LBoa Tna 4A6 2.421 q.qSl  + .Sg

t l

atff i r.:,o[ LTa 4.92 3.721 +.to I  s.sr
Mean of
monthly FFFFFI;l;l;l;r;r;tr

2.s7 |

3.14

9.03

28.5

3 .10

7.22

4.28

3 .08 0.730

2.24

0.973

3 .58

3.64

1 .38

2.01

1 .67

2 .12

3.30
l- 130 Frt
,nW

Lnw
3.08  |  2 .01

i- '-%-F

I  o f  2 712312007 12: l2 PIt



USGS Surface Water data for USA: USGS Surface-Water Annual Stati... http : / /w aterdata.usgs. gov/nwis/annual/?referred_module:sw&amp ; s i

' " : ; ' .  f  , .

Water
Resources

Nationa I Water InfOrmation Data catesory: Geoeraphic Area:
System: Web Interface surface water United states

Nation

AH
qel

Sevier County, Utah
Hydrologic Unit Code 14070002
Latitude 38o45'30", Longitude 111"25', 15" NAD27
Drainage area 50.00 square miles
Gage datum 7,100.00 feet above sea level NGVD29

lHruL table of  a l l  data
I

lTa b-sepa rated data

I Reselect output format

00060, Discharge, cubic feet per second
(Calculation Period: 1951-10-01 -> 196l-09-30)

Calculation period restricted by USGS staff due to
special conditions atlnear site

USGS Surface-'W ater Annual Statistics for the

The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site. For more details on why the statistics may not match, 9I&gI9.

USGS 09331500 IVIE CREEK ABOVE DIVERSIONS NR EMERY, UT
Available data for this site Time-series: Annual statistics

Output formats

Water Year

l le5 l
lres2 ls.zr
Iusr 14.3s
l tes4
luss 12.63
Ireso 12.rs
lresT l+.r s
l rest jo.os
Irsso lz.+r
11e60 lr :s
lle6l 13.3s

** No Incomplete Data is used for Statistical Calculation

I  o f 2

F*n= 7,qo c&

7123/2007 4:09 Pl



USGS Surface Water data for USA: USGS Surface-Water Monthlv Sta... http : / / w aterdata. usgs. gov/nwis/monthly/?refened_module:sw&amp ;s

. , ' . . . . !
l , ' :

Water
Resources

National Water InfOrmation Data catesory: Geosraphic Area:
System: Web Interface surface water United states

Nation
TISGS Surface-'\ryater Monthly Statistics for the

The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics frorn this site. For more details on why the statistics may not match, g!!!Kb9.!9.

USGS O933O5OO MUDDY CREEK NEAR EMERY. UT
Available data for this site Time-series: Monthly statistics

Emery County, Utah
Hydrologic Unit Code 14070002
Latitude 38'58'55", Longitude 1 I 1ol 4',55" NAD27
Drainage area 105 square miles
Gage datum 6,400.00 feet above sea level NGVD29

Output formats

HTML tab le  o f  a l l  data

I Reselect output format

00060, Discharge, cubic feet per second,

I
YEAR l-l

l Jan I F"b [M;[Ap. [M"y F-' f- J"t-["*

[-[-

t-r--[*r-
i-*qtr-
i-t--tr-
Ii-
[-[-

Monthly mean in cfs (Calculation Period: 1910-10-01 -> 2006-09-30)

1911

a rr:n

1950

1951

1952

I 953

1954

19s5

1956

I  s83
a sL,
I srr

F* tr" tfftr;
=,r rltqqtfut

r72.5 a+sl rtta 
".24t^F-138.s1 190.9  1  108.9

|  . l

sLsa 4c.st ,s-: t tor tsro
ar*,*r,r-=
[ _[ []--

r31 .e I so.o

["rr[r*a tn
I  e.00 1 8.s2i  1 l .s

I  r4.31 13.3 1 r4.s

16.8

a t4At 41.e[  z t t .z
73 .81 40.8 |  24.6I ttit-t1 4",

[-tft*7n 36.41 eo.+l7 6.s 22.81 r0. r  |  12.41 r : .q  I  n .0
. l  ,  I

3:.ra eara tont- sr^o [ 3ara r*a r*[*tf-
8ss[- 306i f- 30'-, l- r r 5^l [ 68-rFTIt-]5a ri@

106r[ 6ei 7 nsaltF$ltq?F r,.
[r*-["*[ r/r I a 4a?a ,n[ r6tFfft-,rrg,*i
tr*.Larl gna 4es[ 66ra t-tfan f-nsf 1@WFO

tsAa ?na-6s, ̂ *a ,rsafia "t4"fr4""a"ta"-
aA*ar- 66.7 1 28.91 26.s 1 2r.7 1 15.6

, l  . l  . r  r

37 .7 l os.s i

t6esl
218.6

s85 I

7 .73

r1.7

I  of  3

1957 r:la ?2saru,

7/2312007 2:37 Pl



USGS Surface Water data for USA: USGS Surface-Water Monthly Sta... http://waterdata.usgs.gov/nwis/monthlynreferred_module=sw&amp;s

t lrss tr40tr6r [r3-st r06i, r6rira rlr],-lti, 44.sl r*l *ra"*,"*
t ttt tt-ar::ra wf nAf 30it 4r.r, ,?sl ll..:t-t-Tr*-tr"orF-

O 
'a 

t'r! 
'Sni 

*'frz?i ,*--?f -*f .?r.f t"qtfr"t'1{l-r1r,F-
a ry! ,,*a?.sojnarL4, 4Lra 44n, rel]?tttq.tt tqr_tt*tl."
arrrn l?.6stm6t &r8t ?r-str3rrtr4sif- ,o{t s+tt21,il. tq,tt""?[n
t r1 t6r6,?s0a tL4l r?rl 6r,:a 6tsa 4tsa 3ntt*tlrltr-F t
7t* |l^jsra ?.4s, t6st 6rr[ ,s6l srsl 4ztar-aty@ar*
t rr6s t?r01 r'00a 

"tsf 
,n -f8x t 1s46 a :nts, 5nf ̂ *at*a*rlttl

t 1166 troiTlr-1t ls:t 34rt 53"et 3qtl- 3oat ,sraq,;pa*tj*
@a?.0stt00t rort ?r4f 4?"oi srra 6ell 4:t4.-tt*tr*F*
@f rrrt6i0t zls-t r3ra?n,154r, lts, 4LsFrZt-t-tt*l r--
t rr6r-trr0trr0[rl4t 3cef t64sa tsrrrlsr^tt 3q7f 7s;lnef r+sfta
a rr:o I ?;:-[&rr-Iroit lqt, tnr74%f84tt szstr"lttrltt*t '*
t rr?-t t 1r f ratf rr'oltslFri t r03;l snl sL4tz lt ", t*t tt-
, ry,, ,cslaqna t4sf n4a 4r-sa s4s, wa ,ss,t*lt*l*tri
Lttl-t"tqt8rott5ot 31r I wAl t6u6f ?Ml 4l-:-f z2sf 1t;f :nzl:r,o
a rru ,q00al46l tna n.Ba t4r-ta t 4st l l lt-3rf ar^?at*,*gj!
t rr?s troof ml %sa ,Ls, 86r, trni l0rrthitrrrtr*F*f"t

a f rr?t tsooar-s4aty?l t,,.:t 53rIsr.4t 3sit r&6tr-t*7tt"F-- 
| ryt, as.lltsrotlart u.sl r4r, tt?a wa ?.5sa""1^^ft*a*i
a ry,B l4Ara4.Kl ?.60a ,Ma?na nn, stTl nsw,fryar*Fn
a rr7, ael6l?rrt ruFcttr38rtr66rt ,oit 3&tlzs.af repf t+tfta
I rr80-[*t[lr{t- lott- 48ra tr:,s, rl:,:t 10rf, jfltttt tflrjq
t 1!,sl t6iraTrsaLaa nt 4rri sr.sa ,6sa 3"rt*ttr*tt*Flo
t trjl fr tll et4a r.rtf ,n, Bna t?s,61 ,na 4csa t ?l t2ta47*
t rr$ tsistroit rsr f- rr-rt r66rF3or lnc lf ro1ta t"7, r*l r*a*t
, t2y l r- tral t rl t 36r a r4ur, nxlt- r6m t roortlq,ttrqrt i*i--
t t:ri tt*tr3rt ,rrt rrlrll?4ta t6os, ?6n, 3c*f ̂*lr-,r*,"*
a !:]La" a tzrarss, szra rz4a t6zot ?q0[ 3r-:at ar ,"t,^,
f t?L[ tl-tort 14rt sooa 6n, s:,sf 3+pf nzltszlAf tu2f@
[lt1f-r*I4laTr6ri- r5rl ?lra lna 3nl 3naT9r-,\?Jlt.qrl"*

rese ,&oraertl tt.a-rL6a ,n, ,na ,Llart6lt;*t*rtr-F*
t lr?q [.-a6san a nna ,na3na ,4.s, tnTt*tr*tr*F-
t lrq ts30ft$ar,4ra AAt 5ettr03r7cr"af 3Lslrtl l*tf""W,
t rre t6it7.n, %ta ,BAa ?ala sr;rt 3ott ?si@lWap1lf ra
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USGS Surface Water data for USA: USGS Surface-Water Monthly Sta... http://waterdata.usgs.gov/nwiymonthly/?refened_module=sw&amp;s

F-
ar*

6.7 6

a^^

2001 |  7  .421 8 .32

ai* Ir*
4.65 3.93

79.8

93.9 172.5 126.2
l  qs, ^t?ar*[*q[11,

s6e t78i a ;;.salrif.:. z
. l  I

47 .5

a xL,
t- r lo^: 47 .3 | 34.5

rLsa es6 tlt[tro
43.1 | zs.sl ts.zl n.r
rnf rs1 [t*F"t

79 .61 r +o.s I trrFrlost
ar*a"*,r*
a "ta"*[r,34.01 r a z l r-: l-ro2 f *-

21.7 14 .0  1  9 .85  1s .27
t l

49.4t  38.0 19.6It-[t*ft
38.2 21 .8 |  14.3 |  6.37

. l l

,*=[ f--

78.9 51 .3

I zt sl49.4

t-""
ar-

a',.
ar^ I rv.t l x+.0

6.r3 10.7

FFFFFFFFFFTF
* * No Incomplete Data is used for Statistical Calculation

Questions about sites/data?
Feedback on this web site
Surface Water data for USA: USGS Surface-Water Monthly Statistics
h ttp : //wa terda ta. usgs. gov/nwis/m onthly?

Retrieved on 2007 -07 -23 16: I I :51 EDT
Department of the Interior, U.S. Geoloqical Survey
Privacv Statement ll Disclaimer ll Accessibilitv ll FOIA ll News ll Automated Retrievals
6.6 4.52 va02

Mean of
monthly

Discharge

Iep
Explanation of terms
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24.6

I  1 .3

10 .5

10 .6 160.2

31.3

16 .9

t3.7

19.7

T13.9

109.2 102.8

150.6
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USGS Surface Water data for USA: USGS Surface-Water Annual Stati... http: / / waterdata. usgs. gov/nwis/annual/?referred_module:sw&amp; s i

, . 1
"  : ' i

Water
Resources

NatiOnal Water InfOrmation Data catesory: Geosraphic Area:
System : Web I nterface surface water United states

Nation

Emery County, Utah
Hydrologic Unit Code 14070002
Latitude 38o58'55", Longitude 1 I 1'14',55" NAD27
Drainage area 105 square miles
Gage datum 6,400.00 feet above sea level NGVD29

HTML tab le  o f  a l l  data

lTab-separated data

I Reselect output format

00060, Discharge, cubic feet per second
(Calculation Period: 1911-10-01 -> 2006-09-30)

Calculation period restricted by USGS staff due to
special conditions atlnear site

USGS Surface-'Water Annual Statistics for the

The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site. For more details on why the statistics may not match, g!!gf@.

USGS O933O5OO MUDDY CREEKNEAREMERY. UT
Available data for this site Time-series: Annual statistics

Output formats

Irerr
Itorz l5  1 .8
jur l+o.o
l teso 127 .s

Water Year

Iusr 134.7
Irssz 181.3
l le53 ltz.o
Iros+ lzo.o
Iross
1956 25.6

l tesT l+o.z
Iusa lt o.r
Iuso 1r7.1

I  o f  3

Iuoo lzt.z

7/2312007 4:l I Pl



USGS Surface Water data for USA: USGS Surface-Water Annual Stati... http://waterdata.usgs.gov/nwiyannuaV?referred_module=sw&amp;si

00060, Discharge, cubic feet per second
(Calculation Period: 1911-10-01 -> 2006-09-30)

Calculation period restricted by USGS staff due to
special conditions atlnear site

o
Irce r lre.6
jwz l+t.t
11e63 lzs.+
joa+ lze.s

Water Year

Iuos l+t.a
l toea lz+ a

28.0jvat

Iuoa lte .z
]oas l+a.s
I toto l+s.t
Itot t lts.+
Irotz lzz.+
I tnt l4s.s
l tot+ l+o.so Irot s l+o.r
lreT 6 12r.1
I rott ls.+o
j lets lzt.z
I tsto 147.3
Iroso lse.s
lrerr lzs a
Irotz l+o.t
lrosl lso r
Iror+ Itr.r
jross lt64.e
Ireso 148.1
Irsaz lza. r
juss lzs.o
Iusr 116.8
lrwo lrs.r

o jrwr lzt.r

2 of 3
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USGS Surface Water data for USA: USGS Surface-Water Annual Stati... http://waterdata.usgs.gov/nwis/annuaU?refened_module:sw&amp;s

00060, Discharge, cubic feet per second
(Calculation Period: 1911-10-01 -> 2006-09-30)

Calculation period restricted by USGS staff due to
special conditions atlnear site

Iwot
Irot+ lzo.z
lrees lsr.s
lree6 l+0.+
Iroot l+t.z

Water Year

* * No Incomplete Data is used for Statistical Calculation

l1ee8 ls+ r
Itooo 140.6
lzooo lza.e
12001 133.2
lzooz 118.s
l2oo3 lr r.s
lzoo+ lrs.o
lzoos l tz.t
:i2006

Questions about sites/data?
Feedback on this web site
Surface Water data for USA: USGS Surface-Water Annual Statistics
http: / lw aterda ta. usgs. gov/nwis/a nn ual ?

Retrieved on 2007-07-23 l8:10:01 EDT
Derrartment of the Interior, U.S. Geologicpl Survey
Privacv Statement ll Disclaimer ll Accessibilitv ll FOIA ll News ll Automated Retrievals
5.49 2.98 ca02

kV " 37.1 "^

Iep
Explanation of terms
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usGS Surfuce water data for USA: usGS surface-water Monthlv Sta... http ://waterdata. usgs. gov/nwis/monthly/?referred_module:sw&amp ;s

Water
Resources

National Water InfOrmation Data catesory: Geosraphic Area:
System: Web Interface surface water United states

Nation

Emery County, Utah
Hydrologic Unit Code 14070002
Latitude 38"48'45.3", Longitude 1 I 1.I2'.00.9" NAD83
Drainage area 418 square miles
Gage datum 5,630 feet above sea level NGVD29

IISGS Surface-'Water Monthly Statistics for the

The statistics generated from this site are based on approved daily-mean data and may not match
those published by the USGS in official publications. The user is responsible for assessment and use
of statistics from this site. For more details on why the statistics may not match, gllgf,lggg.

USGS 09332100 MT'DDY CREEK BL I.7O NR EMERY. UTAH
Available data for this site Time-series: Monthly statistics

Output formats

lnruL table of  a l l  data

ITab-separated dgta

lB='es_"-lsst sutqvt f.o"rre! I

00060, Discharge, cubic feet per second,

[-[- [l[ -[ F jr['q:t[,
rsr4 [t*tr l : l  tqtI t4s,4f 7rat, r.rrarloa 1!ra "t\frs?s , *r, *ta :r.sa ,:*t- 63irrzs ,10i,u2, nsa ,:"st 6attlmra 4ssa4.40tt*tr--tr*F*
r% tt lrtror[8is[6ir, tL6a rr4t 3so1-lr?tr-tt+otr-F*
tw atslf6Ata <,;.4a Lss, Lssa L64a 636,entrrrtt-t.lf t ln
t!! [1rn7^t r5.ot r6tl 3na 64sl r;,r, mar*ar*ar*F-
1r?, t5$tlria nsa ,%tr4lt 5oea ri86aLrtF"{tt"t1-Frl50.6

I 980 a *^a ̂ ^[ lsr a 4r'ra t6:.;FAro a n Aa 6Ata rnll *t f- t* tl*
, *^a t,V[ Io4[ 8^os-[ 4i3 a , f]^.r7f-tsal ay5a^ga!"Fn
T tqa r*a ma rna rzsa rn[ r85[ r?i I I 1 r I ztTlu.aFs^o
, *pa"i[ 30r ma,roAl 306^o I r58r [ 8o]lqr aWa4_W2r0.4

, r*a^ra ,e4 sr'oa r64sf nena nssa 66rauiar*an*W264.6

ar*ar*a 3w[ 131iI t* l rL6,rLr,3ntr313trrrra 6na nstrrttr-t*t,r W
t rrs6 trri l3Ltf 3er, 3sst 6rit 8n, int,?.rstr*f-[_-t--35.6

112.0

61 .5
tr-l*t,rn@

I  o f2 7123/2007 2:57 Pl



USGS Surface Water data for USA: USGS Surface-Water Monthly Sta... http://waterdata.usgs.govlnwiymonthly/?referred_module=sw&amp;s

[-[- f*
E*

, l.no6 rs.7 | zt.s

FFFFFTEFFFFF

EG,
ll

1,550

47 .s[  r  t .o f-l-r
Mean of
monthly

Discharge

* * No Incomplete Data is used for Statistical Calculation

100095, Specific conductance, water, unfiltered, microsiemens per centimeter at 25 degrees Celsius,

YEAR I Monthly mean in uS/cm @25C (Calculation Period: 2004-12-01 -> 2006-07-30)

f""-t.* [M* t-Ap. f-M"y tr,"-f J"r-tr"gls.e tr" tfft";
2004

t--[- I [-F[-[-r
Mean of
monthly
Specific
cond at

25C

t * No Incomplete Data is used for Statistical Calculation

Questions about sites/data? ISp
Feedback on this web site Explanation of terms
Surface Water data for USA: USGS Surface-Water Monthly Statistics
http://waterdata.usgs. gov/nwis/monthly?

Retrieved on 2007-07-23 16:55:55 EDT
Department of the Interior, U.S. Geolosical Suryev
Privacy Statement ll Disclaimer ll Accessibility ll FOIA ll News ll Automated Retrievals
9.23 2.17 va02

t7  5 .2
134.8 I 7.74

1,567 859.9 2,118

1,727 1,220. 1 ,651

1,650 1,650 2,120
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uscS Surface water data for USA: USGS Surface-water Annual Stati... http : / /w aterdata. usgs. gov/nwis/ann ual/?re ferred_module:sw&amp ; s r

i
I

Water
Resources

Nationaf Water Information Data catesory: Geosraphic Area:
System: Web Interface surrace water United states

Nation

Emery County, Utah
Hydrologic Unit Code 14070002
Latitude 38'48'45.3", Longitude I I1"12',00.9" NADS3
Drainage area 418 square miles
Gage datum 5,630 feet above sea level NGVD29

HTML tab le  o f  a l l  data

lTab-separated data

lReselect output format :
I

00060, Discharge, cubic feet per second
(Calculation Period: 1974-10-01 -> 2006-09-30)

Calculation period restricted by USGS staff due to
special conditions atlnear site

TISGS Surface-'\ryater Annual Statistics for the

The statistics generated from this site are based on approved daily-mean data and rray not match
those published by the USGS in olficial publications. The user is responsible for assessment and use
of statistics from this site. For more details on why the statistics may not match, g!!gf[gre,

USGS O9332TOO MUDDY CREEK BL I-70 NR EMERY. UTAII
Available data for this site Time-series: Annual statistics

Output formats

lrot + Ins
l teTs lzt.o
l1e7 6 17 .28

Iron jr.sr

Water Year

lre78 1r3.7
I tsto 123.3
jroso l+t . t
Iresr l l  1 .4

29.5

79.7
Itotz
Iusl
Ius+ lsr.o
jross l+o o
jroso lr o.r

I  of  2

lzoos 136.1

7/23/2007 4:12 Pl



USGS Surface Water data for USA: USGS Surface-Water Annual Stati... http://waterdata.usgs.gov/nwis/annuaV?refened_module:sw&amp;s,

00060, Discharge, cubic feet per second
(Calculation Period: 1974-10-01 -> 2006-09-30)

Calculation period restricted by USGS staff due to
special conditions atlnear site

Water Year

13r.7

Questions about sites/data?
Feedback on this web site
Surface Water data for USA: USGS Surface-Water Annual Statistics
httpz I I w aterda ta. us gs. gov/nwis/a n n ua I ?

Retrieve d on 2007 -07 -23 18: I I :28 EDT
Department of the Interior, U.S. Geoloqical Survey
Privacy Statement ll Disclaimer ll Accessibilitv ll FOIA ll News ll Automated Retrievals
1 .9  l . l 4  sd03

Iep
Explanation of terms

** No Incomplete Data is used for Statistical Calculation
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APPENDIX VI.l2

UPDES Monitoring Data
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APPENDIX VI.l3

Data from Miscellaneous
Surface Water Quality Studies



RESULTS OF CHII,TICAL AJTAIYSES OF SIJRFACE
sAxptgD rl{ Tm B4EnY MrI{E AREA, SrTE

WATffi
s-1

Sanple Sl te:
Iocat ion:
Dates of  Col lect lon:
Source of Data:

s - l  ( S e e  P l a t e  V I - l )
USGS Gagiag Statlon: Mudftr Creek No. I (p-Zf-6) af ean
8/\ltt through thzlT8
USGS

l lo .  of
Sa.nples

7
7
7

18
!

20
3

3q
33

Mean
Standlarcl
Deviat ion M l n

GE{IRAL CHANAETffi ISTTCS

Alkalinlty, total (as CeCO-)
Hardness (noncarbonate) J

Eard.ness, total
fron, total (Fe)
Iron, d. iss .  (Fe )
llanganese, total (ttn )
0i1 and grease
Orrygen, d, iss. (OO)
pH, 1ab (un1ts)
$Il. conductalce, lab

(tulos/co et 25'C)
Discharge (cfs)
Temperature ('c)
Total- dlssolvecl solidls (fOS )
Total suspendecl soLlcls (fSS)

CATTONS

Calcirn (ca)
lGgnesir:n (!!g)
Potasslrn (K)
sod.ile (Na)
Sodliun ed,sorptlon ratio (Snn1

ANIONS

Bicarbonate (UCO-1
Carbonate (CO^) 5

Chloride (Cr)r
Fluorlde (F)
Sulfate (SOU )

t'tAcBoNumrEtTs
Amonla (m,. )
I{ltrogen, t6taf KID as N
Ititrate * I{itrlte as X
Phosphorus, total as P

TRACE AI{D OTEffi EI,E.TEilTS

Atr.ulnrn (uelX, A1)
Arsenic (VelLrAs)
Boron (VelL ,n l
Cerbon, diss. orgalle

Iead (ue l l ,w)
Llthlru (VelXJ,t)
Pbenols (velL)
Selenltu (Uglf,rSe )
S l I lca ,  d l1ss.  (StO^1
Strontl.ur (yg/2,Stf

RE{ANICS

17.7 22r.o r75.O
5 . U  2 1 . o  l r . o

11.6  230.  O 2oO.O
o . 3 2  1 . O  O . O 2
0 . 0 6  0 . 0 3  0 . 0 2
o .  0 8  o . 2 5  o .  0 1

. 6 5  2 . 3  t .  o
2 . 5  1 6 . 0  6 .  o

. 2 8  9 . 7  8 . 8

fi.6 6ao. o 286.0
\ 2 . 9  2 o l - .  o  2 . 7
6 .  j  23 .o  o .  o

2 5  . r  2 r o . o  1 7 5 . 0
2o.9  68 .  o  .39

3 . 6  l + 8 . 0  3 9 .  o
1 . 3  2 5 . O  2 3 . 0

. o B  o . 8  . 5 0
2 . 1  1 0 . o  5 . 0

. o 5  o . 3  o . 2

12.7 2rr .o 211. O
5 . 2  1 \  . O  0 . 0
0 . ?  3 . ,  1 . 8
o . 1  0 . 3  0 . 0 3
2 . 9  z L . O  1 2 . 0

. o 3  0 . 0 6  0 . c
o . ? !  1 . 5  o . 1 2
o . 1 o  0 . 6 1  0 . 2 7
o . 1 0  0 . 2  0 . 0

9 . 6  3 0 .  o  L o .  o
o . 5  2 . O  1 . 0

1 2 .  O  3 O . O  0 . 0
o . l L  2 . 3  2 . r
3 . 5  5 . o  0 . 0
U .  o  1 r . o  1 . 0
o . o 1  2 0 . 0  2 0 . 0
1 . 1 5  2 . O  0 . O
o . 5 o  1 . O  0 . 0
o . 5 2  ' . '  \ . 2

22.2 u60. O LrO. O

87
89
88
7

18

7
7
7
7
7

193.  3
1 3 . 6

208.6
o . 2 8
o . 0 2
o . 0 5
1 . 6

1 0 . 5
9 . 2

\ t6.65
33.05
7 . 1

2L2.6
1 3 . 8

\ 2 . 6
2 \ . 3
o . 6 L
6 . 9
o . 2 3

228.8
3 . 3
2 . 8
o . 2

15. l t

o . 0 3
o . 5 0
o .  [ 5
o . 0 5

r7 . ,
r . 2 ,

1 6 . 3
2 . 2
2 . 5
! .u

20.o
o .67
o . 2 ,
l t . 9

u32.5

7
7
6
7
7

t
Ir
9
l+

Ir
!
7
2
2
,
5
3
!
7
t

1) A]J results are ln nllllgraos per l1ter (ne/L) unless othersise noted.
2) fotet Suspendlecl Sollds are glven ln Jackson I\rbldity Units.



NESULTS OF CEEIICAI AI{AIYSES OF SUNFACE WATER
SAI'IPLED IN lEE E'IIny UIM AnEA, SrlE S-2

SanpJ-e Slte:
Ipcat lon:
Dates of Co].lectlon:
Source of Data:

s - 2  ( S e e  P l a t e  V I - 1 )
lfuddy Cleek at Eighvay 10 (D-2I-6) 36 BBB
7 123/75 through,/3r/76
USGS

GE}TINAL CEARACTBI TTCS

A-lkallulty, total (as CaCO^)
Eardness (noncarbonate) J

Eardness, total
f ron,  d iss .  ( fe)
ldauganese, totat (mr )
pH, lab (unlts)
Sp. conductence, lab

(p*os./cn at 25'Cl
Discbarge (crs1
Teoperature ('c)
Total dlssolvedl sollds (fOS)

C,ATIONS

Calclla (Ca)
Magnesiun (Mg)
Potasslurn (K)
Sodiun (I{B)
Socllru ad.sorptlon ratlo (SAn)

AITIONS

Bicarbonate (UCO^)
Carbonate (co-) t

Chlorlcle (cr)r
Fluoride (f')
Sulfate (SOU)

MACRONIITR]EilTS

I{ltrate * ltltrlte as N
Phospborus, total es P

TRACE A![D qIEffi E[.E,IHI'IS

.trlunlnrn (UelX,Af)
Arsenl.c (uslt,as)
Boroa (trg/f,g)
f,eaa (Uell,Pb)
I,ltbiun (Uglg,tl)
Seleuiuo (ygl l ,se)
S l l l ca r . d l es .  (S foo1
Stroatlua (UelX,Srf

Ifo. of
Sanples

5
,
5
5
5

5
5
,
5
5

I
I
5
1
1
2
5
2

Mean
Standard
Deviat ion

! 8 . 3
2L.2
1 . 2

! 1 . !
o . !

o.  03
o. 02

5
5
5
2
2
5

5
6
,
,

2 \6 .0  27 . r
6 9 U . o  1 9 5 . 8
g6lr .O 23o.1

o .o9  0 .o2
o . o 3  0 .  0 3
7 . 9  0 . 2

2132.o l{65.3
o . t  o . !

t 7  . 7  1 0 . 7
1538.o  380.?

287.O 22L.O
1OOO.0 500.0
1300 .0  750 .0

o . 1  0 . 0 7
o . 0 5  0 . o 1
8 . 2  7 . 7

2850.0 1720.0
1 . O  0 . O

2 8 . o  3 . 0
223r..0 1230.0

27O.O 15o.  O
1 1 0 . 0  8 : . 0

6 . 2  3 . 5
210 .0  120 .0

3 . o  1 . 9

Max Min

0 . 0 8  0 . 0 1
o .  0 3  0 . 0

20!.  o
1 0 5 . 8

l r . :
r72 .O

2.11

300.o
o . o

22.O
o . 3

972.O

o . 0 3
o . 0 2

2 0 . o
o .o

192.O
10.  o

110.O
o .o
8 .5

2\50 .  o

32.9 350. O 270.0
o . o  0 . o  0 . 0
! . 6  2 9 . o  1 ? . o
O.  OLr  O . l t  O .  3

266.8 l loo.o 590.0

5
,

5 9 . 3 290.O 130.0

o . o  o . o  o . o
L . 2  1 0 .  O  5 . 8

l  g l .o  2800.o 2100.0

REI'{ARICS

1) A11 results are 1n ntlllgraras per llter (ry,19-) unless othervlse noted.



RESTJLTS OF CHEII{ICAL ANAIYSES OF ST,RFASE WATEN
SAI,IPLED IN THE E'Imy MItvE AnEA, SrrE S-3

gnnple Sl te:
Iocatlon:
Dete of Collectlon:
Source of Data:

s - 3  ( S e e  P l a t e  V I - l )
trllller Canyon at Mouth (o-ZZ-6) a5 oon
7 | 23175 tbror.rsh thr/75
USGS

GH{INAL CEARACTB ISTT CS

Al}allnity, totel (as CeCO,)
Eardaess (aoncarbonate) J

Eardness, total
f ron,  d l lss .  ( fe)
l.laaganese, totat (Mn)
pH, lab (unlts)
Sp. conducta^uce, lab

(trolos/cn at 25'C)
Discbarge (cfs)
Teoperatr:re ('c)
notal dllssolvetl sollds (fPS)

CATIONS

Maeneslun (Ug)
Potassirn (K)
sodiu (Ne)
Sodlr:n adlsorptlon ratio (Snf )

AI{IOI{S

Bicarbonate (UCO-)
Carbonate (co-) r

chroiii" tiri3'
Fluoricle (F)
Sulfate (SOU)

UACROIVIIIBTBITS

Nitrate * I$ttrtte as N
Pbosphorus, total as P

TRASE AXD CTIETN EI,D.TMITS

Aluulnr:m (UellrA1)
Arsealc (ve/l , ls)
Boroa (val9,g)
f,ead (UelX,Pb)
Lltblun (uelr,Lt)
Selenlrn (Ugll,Se )
S l l ica ,  d les .  (Sfor )
Sbrontfun (UelXrSr)

I  zTgi ,o 8e9.6
5  0 . 2 8  0 .  b 2
h  1 5 . 8  1 0 . 3
\  2 \o7 . '  813.1

!  3 8 5 . 0  1 ! 2 . o
l+  161.0  j \ .7
\ 129.7 37 .9
L  r .  !  o . 2 2

l {o.  of
Sanples Mearr

b  u l ' o
!  1&5o .o
!  1650 .0
2  0 . 0 3
2  O . u 5
!  8.o2

1+
It
L
!
!

1
I
T
I
1
3
It
2

Standard
Devlation

22.1
59]-.6
59r.6

o . o L
O. b.l{
o . 1 0

1 9 9 . o  1 1 7 . 0
lgoo.o 5oo.o
2100.o 800.0

o . o 5  0 . o
o  . 7 6  o .  t L
8 . 1  7  . 9

3 !70 .0  1610.0
1 . O  0 . O

2 r . 5  0 . 0
?ggo.o 1250.0

l g o . o  1 8 0 . o
2O0.0 8lr  .  O
1?0.0  79 .O

L . 7  L . 2

2L'3.  o 1?9 .0
o . o  o . 0

2 g . o  1 6 . 0
o .  l { 0  0 . u o

2000.0 ?60.0

1 . 5  0 . O 3
o . o  o . o

Min

8 lo .o  35o.0

3 . O  1 . O
6 . 9  3 .  3

30oo.o 2700.o

u
3

2 0 8 . 8  2 7  . 2
o . o  o . o

2 3 . O  5 . 5
o .  L 0  0 . 0

1 5 9 0 . o  5 8 1 . 5

o . 5  0 . 6 8
0 . o  o . o

160.0
o . o

66>.o 217.5
1 . O

160.o
2 . O  1 . O
, . 9  1 . 7

2850. O 2r2.r

RE.IARI(s

f) Aff results are ln nllllgra.os per l1ter (ng/L) unless otber-nise noted.



RESULTS OF CHE.{ICAL AI{ALYSES OF SUNFACE rrATM
sAl,tPLED IN TUE E{ffiy UINE AnEA, SITE S-!

Sample Slte:
Iocatlon:
Dates of Colleetloa:
Source of Data:

s - [  ( see  P la re  V I - l )
ffnddy Creek BeLov l'liller Canyon (D-ZZ-6) e5 CcC
7 /23/75 throush 8/tt/t6
USGS

GEIENAL CHARAEIBTSTICS

Alkallntty, total (as CaCO-)
Eardreess (noncarbouete) J

BarcLuess, totel
I roa,  d lss .  ( fe)
l,langenese, total (lrh )
pH, ] 'ab (unlts)
Sp. concluctance, lab

(LuUos/cu at 25'C)
Dlscbarge (cfq)
Temperaiure ('c)
TotaL dLssolvecl sotld,s (TDS)

CATIONS

Catcira (Ca)
t'taenesitu (Mg)
Potassir.u (K)
Sodll@ (!ta)
Socliun ad,sorptlon ratl.o (Sanl

ANIONS

Bicarbonate (ECO^)
Carbonete (co-) r

Chlorldle (cf)r
Fluoridte (F)
Sulfete (sOU)

I'{ACROIIITRIEWTS

Nitrate * Nltrlte as N
Phosphorus, total as P

TRACE AI{D TEM EI.E.TIX{TS

Al.rulnrn (VI/L,AI)
Areealc (Ue/t rhs)
Boron 1ygl0.,B)
I,€aa (uglt,I'b)
Lltblr.rn (Ve/t,Ltl
Selenlrn (yglt ,Se )
S l l lca ,  d . les .  (SfOr)
Strontlr.Iln (ygl0,Srf

298.7 \>.9
8r7. ,  570.3

Lr35.o  5u3.1
o . o L  0 . 0 6
o.o9  0 .o8
8.zz  o .zz

3355.o 1378. b
2 . 8  2 . 6

1 6 . 3  1 0 . 9
268r.o 1280.6

2t7 .5 r:8. L
1113.5  62 .9

8 . 3  o . 5
1127.5 21o. o

5 . ,  1 . 5

3 5 0 . 0  , 7 . 6
r . 7  3 . 5

\ 2 . 7  1 6 . ,
o .  L  o . o

t6r2.5 885.3

o . 9 !  L . 6 '
0 . 0 2  0 . o 3

170.O
r . o

377.5  170.0
2 . O

350.O
5 . o  5 . 2
7 . 1  1 . 9

3050.0 3fi.6

Min

3l{6.0 239.o
1 [0o .o  350.0
1?OO.O 6?O.O

8 0 .  o  o . o
o . 1 5  0 . o 3
8 . 5 0  8 . o o

5190. o 2250.O
6 . o  o . o

2 '  . O  1 . 0
!390.o  16?0.o

320.O L10.0
220.0 89.0

8 . 8  ? . 8
7 !O.0  300.0

7 . 8  ! . 0

\22.O 2gr.O
7 . O  0 . 0

67.o  30 .o
o . L  0 . !

28OO.O gLo.O

3 . U 0  0 . 0 1
0 . 0 6  0 . o o

5?O.O 220.0

1 1 .  O  2 . O
9 . 2  l r . Z

3300.o 2800.0

l o .  o f
Samples

I
I
l|

2
2
Ir

Stand,artl
Devlatlonl,lean

It

5u
!

!
Ir
!
I
!

l+
It
Ir
It
u

!
I

I
I
!
I
I
3
L
2

REIARI(s

1) AlL results are 1n ullllgrans per llter (ry,/L) unless otbenrlse noted.



REST'LIs OF CEEdICAL AilAIYSES OF SURFACE }TATM
SAI.IPLED IN TEE B'Iffiy UIrE AREA, SrTE S-5

Sanple Site:
Iocat lon:
Dates of Col-lectlon:
Sorrrce of Data:

s -5  (see  P la te  V I - l )
ltudcly Creek Above Ivle Creek (D-43-5) ff (nnC)
7l3t/75 through 719176
USGS

GENffiAL CHANAETRTSTTCS

A-Ikallnity, total (as CaC0r)
Bard.ness (noncarboaate ) :

Eardness, total
Iron, dl iss. (fe )
l.langanese, total (Mn )
011 ancl grease
Olgger, dles. (DO)
pH, leb (unlts)
Sp. eonducta^nce, lab

(pnos/cn at 25'C)
Dlscharge (cfs)
Tenperature ('C)
Total d,lssolved sollds (tpS)

CATTONS

Calciun (Ca)
ldagnesirn (Mg )
Potassirn (K)
sodile (I{e)
Sodlir.uo ectso4rtlon ratlo (Snnl

ANIONS

Bicarbonate (RCO-)
Carbonate (CO^; :

Chlor ide (cr ) r
Eluoride (F)
Sr.r1fate (SOU )

MACNONUTRIETTS

Amonl.a (nU,. )
Ilitrogen, t6tat I(JD as N
Ifltrate * Ilitrlte as N
Phospborus, total as P

TRACE AITD CTIUEN EI,E{NMS

Alrulur.m (Ugl!,AI)
Arsenlc  (us l l ,ns)
Boron (vl/ t"$)
Carbon, dlss. organic
Chrmlrs (Uelt,er)
Lead (Uglf,,ft)

Phesols (VelLl
Seleulrn (UelC,Se )
S l l l ca ,  d l ss .  (S fOr1
Stroatfuu (Uell,Srf

RE,IIIRKS

1) AIt results are lu nllligrans

No. of
Sannles Mean

2t 272.6
2L 908.1
2L Lrgo.o
I  O.O2
I  O . O 5
1  3 ! . O
3  8 . 6

2 3  8 . 0

23 3581+. 3
3  ? . !

2 3  8 . e
20 306r.2

1  250 .0
1  1 . O
I  530.  o
2  5 . 5
I  O . 0
1  2 . O
1 310.0
3  [ . o
1  1 1 . O
1  9 . 5
I 3900.0

Stantlarcl
Deviation Max

\ t . >  3 5 3 . 0
l r8E. l ,  1600.o
5O8 .3  2OOO.O

Min

16 l r .O
280 .0
b8o.  o

L o .  8  6 . 6
8 . :  7  . 7

7 . 3

6 . o

2 . 1
o . 2

1563. l {  6190.o  1330.o
5 . 8  t ! . o  o . 3 l +
8 . € ,  2 6 . 0  o .  j

152 [ .1  5590.o  9?L.o

2T
2I
2I
2L
2T

2t
2I
20

I
2I

205.1  8 l .z
15 ! .  U  72 .o

7 . 7  3 . 5
'L l r .  I  288. o

6 . 6  2 . 6

3 3 0 . 7  5 8 . 3
o . 8  3 . 7

5 7  . 8  3 1 .  8
o . 6

1975.2 r.o18. O

o.o9 0.  01
L . o 8  0 . 7 2
3 . 3  1 . 3
0 . 6  0 . 8 8

3 5 0 . O  ? 3 . o
27O.O 59.O
r 2 . 0  2 . 3

rtoo. o 1Lo. o
1 1 .  O  2 . , 1

!3o.o aoo.o
1 7 . O  O . 0

1 ! 0 . 0  1 2 . 0

3500.o  550.0

o . 1  0 . 0 8
1 .  B  0 . 3 5
!  . 8  2 . 3
1 . 6  0 . 0

3
3
3
3

3 . 72 . 5

2 . O

per 1lter (ry,/9") unless otberr lse noted.



RESULTS OF CEE.{ICAI, ANALYSES
SA}'TPI.ED IR TI{E EMERY }'IINE

OF SI'RFACE WATM
A.RXA, SITE 5-6

Sa.uple Slte:
Iocat lon:
Dstes of Co]-lection:
Source of Data:

s -6  (See  P la te  V I -1 )
llucl(y Cbeek Belov I-?o (D-2:-5) fl pcn
8/5/73 throush 9/t\llg
USGS

No.  o f
Sanples

Standarcl
Deviat ionMean Min

GHTENAL CNAnACTMTSTICS

AAkallnlty, total (as CaCO.r)
Hardness (noncarbonate) i

Hardness, total
I ron,  d iss .  ( fe)
l,langanese, total (t'b)
011 aad. grease
O:grgen, d.lss. (DO)
pH, lab (r:alts)
Sp. coaductaaee, lab

(t-hos/crn at 25'C)
Discharge (cfs)
Teuperature ('C)
Total dlissolved sol-lcls (fOS )

CATIONS

Calcirn (Ca)
lGgnesirn (Mg)
Potassiun (K)
SodllE (Na)
Soclirn adsorgblon ratio (SAR)

AIVIONS

Bicarbonate (nCO^)
Carbonate (co") r

Chloricle (ct) '
Fluortde (F)
SuLfate (SOU)

UACNONU1RISIITS

Amoala (mr,. )
tlitrogen, t3taf KID as lt
Ititrate * I{ltrlte as I{
Pbospborus, total as P

TRACE AIID qIUffi EI.ETEII'JS

Altmlnun (Ugll,Al )
Arseulc (UelX,ns)
Boron (ue/L,al
Cerbon, diss. orgenlc
Cbrcoiru (ygl9,Cr)
Lead (UelX,Fb)
Llthlrn (Vel l , t t)
Phenols (uel l l
Selenlru (Uglt,Se)
Si l lca ,  d , lss .  (SfOr)
Strontlrn (uglt,rsrf

RE,IARICS

1) AU resul.ts are ta nlllJ.graus

252.2 l,Z. tr
731.0  l ro8 .8
9 8 7 . 8  ! s s . o

68.7  l  g . r
3 7 . 1  8 . 6
L . 5  2 . t
8 .  o  z . z
8 .o  o . z

2996.5 rrz l+.3
6 > . 9  \ 8 r . 5
9 . u  8 . 9

?:lo, .6 926.5

1 5 7 . !  f i . 5
1 !  S .  o  7 r . 2

7 . 5  3 . o
3 8 5 . 3  L G z . z

, . 3  1 .  5

306.7 57.9
o .  !  2 . 8

7 7 . 9  5 5 . 1
o . 5  0 . o 9

1!oT.9 5s\ .9

o . o 2  0 . o 2
o . ? o  o . I L
3 . 1  1 . ? T
o . r 2  0 . 9 3

8o.o 86.7
r . 2  0 . 7 ,

377.o  158.0
9 . o  5 . 5

23.3 32.r
1 3 . O  2 0 . 8

282.8 95.5
r . ,  1 . ?

1 0 . 1  3 .  !
g .  L  r . 7

2862.5 870. o

r22
L22
I22

I
7
2
!

L23

]95
8?

190
120

1 1 8 . 0  1 3 9 . o
3200 .0  120 .0
37OO.O 2?0 .O
130. O l_0. O

7 0 . 0  1 0 . o
3 . 0  0 . 0

r .1 .2  6 . r
8 . 5  7 . 6

6?oo.o 69r.o
lr5oO. O O. 01

3 3 . 0  0 . o
6 s r o . o  ! g r . r

L l ro .  o  6z .o
6zo.o  o .o
2 0 . o  2 . 7

9 ! O . o  L r . o
1 2 .  O  1 . 1

5 1 O . 0  1 7 0 . 0
2 5 . O  O . O

3 5 0 . 0  8 . :
0 . 6  0 .  3

3100.0  200.o

o . o 5  0 . 0
o . 8 8  o . 5 l r
6 . ,  o . 9 3
1 . 9  o . o

250.0 20.0
2 . O  0 . 0

6zo.o  t6o .o
1 5 . 0  ! .  3
6 o . o  o . o
5 o . o  2 . 0

l+Lo. o 18o. o
! . 0  0 . 0

r 5 . o  ? . 0
1 2 . O  6 . 0

lrrOO.O 1900. O

I22
L22
L22
122
t22

r22
t22
120

1[
]-'22

L
!

16
!

6
6

15
3
3
7
7
t
I

1!
I

per J. l ter (ne/Ll unless othenrlse noted.



RESITLTS OF
SAI'TPLED

CHEIICAI, ATTALYSES OF STIRFACE WATIN
IJ{ rHE D{InY MINE AREA, SITE S-?

Sanple Site:
Locatlon:
Detes of ColLectl.on:
Source of Data:

s - ?  ( S e e  P l a t e  V I - 1 )
Ca.nal Near hery at U-IO (O-Zz-6) 9 gCg
8126/7i throush 8/rz /76
USGS

GAIERAL CITARACTffiI TTCS

Alkallatty, totaL (as CaCO-)
Eardness (noncarboaate) J

Earclness, total
fron, dlLgs. (f 'e)
l{anganese, totaf (!fo)
pH, lab (r:ntts)
Sp. coaductance, lab

(trutros/cra at z5'c)
Dlscharge (cfs)
Teoperature ('C)
Total d.lssolvecl solld.s (fPS)

cATrol[s
Catcir:n (Ca)
l.taenesllu (Me)
Potassfin (K)
Soairn (Ne)
Sodluo aclsorptioa ratio (San1

AIrIONS

Bicarbonate (ttCO- )
Carbonate (Co-) r

Chlor lde (cr ) r
Fluortde (F)
Sulfate (SOU)

UACNONUTRIEIITS

[ltrate * I{itrtte as N
Pbospborus, total as P

IRACE AND CTEIB ELEMENTS

Arsenlc (UslX,es1
Eoron (vs/L,n)
Lead (Uelt,lb )
Lltblrn (ve/9,,ttl
Selenlru (UelC,Se)
Sl l lca ,  d , lss .  (Sfoo)
Strontlun (UglC,Srf

l lo .  of
Sa:nples

t
I
L
1
2
t

5
5
5
!

l+
l+
!
t
It

l
!
Ir
I
t

1
Ir
1
L
1
l+
l-

Standartl
Devlatlon Max Min

6 . 3 \ . 1

Mean

t92.75
8 . 2

L97.5
o .02
o . 0 5
8 . 2

lrO5.o
l b .  5
1 3 . 5

220.25

39.5
] l9 .6
o . 8
9 . 8
o . 3

23r .25
o . 0
3 . 2
o . 3

1 9 . O

o. u!
0 . 0 2

o .o
25.O
o . o

2 0 . o
o . o
5 . 1 3

lao .o

!
!

t6.6
7 . 9

]'2.6

o .07
o . 1 3

U { . 8
1 1 . O
8 . L

29.8

, . 2 5
u .6
o . 2 g
6 . 9
o . 2

20. l t
o .o
1 . 8
o . o
8 . 8

0 .o8
o .05

5 . 8

o . 8 8

2 1 ? . O  1 8 0 . 0
1 5 . O  O . O

210 .O  180 .0

o . 0 1  0 . 0
8 . 3  8 . 0

! r>.o 35o.  o
3 2 . 0  2 . 5
22 .O  1 .0

26\.o r98.o

I { ! .  o  32 .0
2 7 . O  2 . 2
r . 2  0 . 5

2 O . O  5 . 0
0 . 6  0 . 2

265.O ztg.o
o . o  o . o
5 . 9  2 . 2
o . 3  0 . 3

32.O 13.0

0 . 5 6  0 . 3 8
o.  09  0 .0

3 0 . o  2 0 . 0

REilARI(s

f) Alf results are ln milllgrans per liter (ry/l,l r.rnless otbenrlse noted.



RESULTS OF CHE,IICAI, AJ{AT,YSES OF SURFACE WATM
sAl,tPIJD rn THE EIERY MIilE AnEA, SITE S-lUo

Senple Slte:
Iocatlon:
Detes of Collectlon:
Source of Data:

s - l t  (See  P la te  V I - l )
USGS Gauging Station On Chrlstlansen ltesh (O-ZZ-6) Sl non
8ltSl l8 thror:gh :.:.irg /78
USGS

GETERAL CEARACTMI TTCS

A$ellnity, total (as CaCO- )
Eardness (aoucarbonate) J

Eardness, total
Ironr, diss. (fe1
l,tanganese, totel (trh )
OiL eDCl grease
O:qpgen, dlss. (DO)
pH, f leld (units )
pB, lab (rurlts)
Sp. conductance, ftelcl

(tutros/cm at 25'Cl
Sp. conductance, 1eb

(tolos/co at 25'C)
Dlscharge (cfs)
Teoperatnre ('C)
Total dissolved sollds (tOS)

cATroils

CaLclum (Ca)
t'tagaeslrn (Mg)
Pot,asstrn (K)
Soalua (l{a)
Socllrn adsorptloa retlo (Saf )

Atrrons
Blcarbonate (UCO-)
Carbonate (co-) J

fr torlde ( i i i3 '
Fluortde (F)
Sulfate (SOU)

}IACROI{tITRTE}ITS

I$ltrogen, total l(JD as
llltrate * Itltrlte as lt
Phosphorus, total as P

rRACE ATTD OIEEN EI.N,TENTS

Arsenlc (Uell ,As)
Boron (ue/lrg)
Carbon, dlss. organlc
r.caa (uell,Pb)

Seleulrn (UelX,Se)
Sl l lca ,  d lss .  (SfOr1
Stroatlur (UelX,SrJ

lfo. of
SsnpLes Mean

lr SlrO.O
l r  865.0
[  ] .215.0
I  O .O2
1  0 .o1
I  O . O
I*  9 . f  :
r  8 . ! :
l r  8.rz

3 3715.7

! 35oe-o
L  I . L
l+ tZ.tZ
\ 2902.2

lr r8o.o
| {  182.5
\  6 . 7 5
L tgo'  o
!  l . s s

393.'
9 . 2 5

76.7'
o . 7

L6r7.5

3-2
23.O
o.o2

0 . o
,9o.o
1 3 . O
59-o

370. O
6o.o
1 1 . 1

2900.o

Standarcl
Deviatlon Max Min

52.3 ! rO.O 3OO.O
396.1  13oo.o  5Oo.O
395.9 1600.0 ?90. o

1 . 2  1 0 . 6  ? . 8
o . o 9  8 . 5  8 . 3
o . 2 r  8 . 3  7 . 9

2Lr9.7 !900.0 zz5o.o

ugL.5  \7o2.o  19go.o
o . 5 1  1 . 7  0 . 5 5
7 . 2  2 0 . O  3 . 0

8gL.g 36\2.7 l?ot .o

l+o. 8 21o. o 120. o
7 2 . 3  2 5 O . O  1 2 0 . 0
r . 5  8 . o  5 . o

1  7 . 7  5 8 0 . 0  2 L 0 . 0
r . 5  5 .  L  3 . 2

75.9  5oo.o  321.0
1 0 . 1  1 8 . O  O . O
31.7  110.0  3L .O

597.7 2100.o 870.o

2 . O  1 3 . O  8 .  !

|{
I
!
1
!

1
1
1

1
I
I
I
I
I
I
I

RBIANKS

1) AU resrrlts are ln allllgrans per ]'lter (sS/L) unless otbe:rllse noted.



1 9 7 7 - 1 9 7 8
oN QUTTCHUPAn

WATER QUATITY TREND STUDY
CREEK AI{D CHRISTIANSEN WASH

Sample Site:
Locatlon:
Dates of Collect ion:
Sor.rce of Data:

S-15  (see  P la re  v l - l )
Christiansen Wash
Lo/25/77,  z /Bl18,  \ / tz /78,  and T/26/18
OwiJ-i-Eger

GENERAL CHARACTERISTTCS

Eard.ness, total
Iron, total (F.e)
pH, lab (units )
Sp. conductance, f ield

( l,,nhos /cm at zj. c)
Sp. concluetanee , l-ab

( Ltntros /cn at 25' C)
Discharge ( cfs )
Total d.issol-ved. solids (fOS)
Total suspendecl solids ( fSS )

CATTONS

Ca]-cir:m ( Ca )
Magnesirm (Me )
Potassir:m (f)
Sod.iun ( tta )
Sod.iurn adsorption ratio (SAn)

ANTONS

Bicarbonate (HCO^1
Cfi:-oride (cr) r

SuLfate (SOU )

ro/25/77

1800.  o
O . l t
8.o

2/ 8/78

1830. O
o.2
8.1

t+ltz lt8

1O?O. O
2 .O
8 .2

3oLo. o
1 .  3T

27rO.O
Bo5 .  o

220.O
170.  O

?.o
3go. o

l + . 8

29O.O
50 .  o

L6rr.o

7 /25 /78

505 .0
o .1
B. l

l+5oo. O
r .o2

l+935. o
110.  O

62 j . o
1255.O

11 .0
55o.  o

3.5

315 .  O
90 .0

2 300. o

2500.  o
o.65

5030. o
50.  o

h3o.o
180 .  o
10 .  o

?50.  o
7 .8

350. O
100. o

2TOO. O

1 l+95 .0
\ . 32

1235  .0
100.  0

gh .  o
90 .  o

5 .0
l5o.  o

2 .8

210 .0
20 .0

680.  o



RESULTS OF CEE.{ICA], AIIALYSES OF SIIRFACE UATM
sAl.{pr,ED rr TEE E{my Mr}rE AREA, SrTE S-18

Sanple Slte:
Iocatlon:
Dates of Collection:
Source of Data:

s - 1 8  ( S e e  P l a r e  V I - l )
Qultchupah Cleek at U-10 ltear Eoery (D-.ZZ4) tO gDO
7 123/75 through 9 lza/75
USGS

l {o.  of
Samples

6
6
6
2
2
6

2
2
6
2
2
2
6
2

Standartl
DevlationMean

GEI{ENAL CEAnACTMISTTCS

A1kallnlty, total (as CaCO-)
Hardness (noncarbonate) J

Eardness, total
I ron,  d iss .  ( fe1
I'Gnganeee, total (fA)
pH, lab (unlts)
Sp. conductance, lab

(t.otos/cu et 25'C)
Discharge (cfs)
Teuperature ('c)
Total dlssolveal solicls (TDS )

cArIolls

Calcfin (Ca)
t-lagDesf@ (Mg)
Potassirn (K)
Sodium (na)
$odl.r.u ad,sorptlon retio (SAn)

ASIONS

Blcerbonate (IICO^)
Carbonete (Co-1 5

Chlorldle (cr)r
FLuorlde (F)
Sulfate (SOU)

MAEROII'INTENTS

Itltrate * I{itrlte as N
Pbosphorus, total as P

TA"ACE AtrD qTEER ET,EIE{TS

Alr:oiuun (velgrA]-)
Areenlc (uel l , ls)
Boron (ue/X,g)
f.catl (Uelt,Fb)
Lttblnn (Ve/ 9., t  t l
Selenlun (uel0,se)
SJ.l lca, cl lss. (Sf O, )
Stroatlru (UglL,Srf

287 .2 6t .z
308.8  r72 .1
,95 .o  21o.O

o.o1 0 .o1
o.05  0 .o5
8 . L  o . 5

13b:. t  396.6
o . 8  0 . 9

r 5 . 1  7 . 3
938.8 293.6

1 1 7 . 5  6 ! . !
59.5 r5.5
[ .  :  1 . 3

111.7  39 .7
2 . 2  O . 9

350.2 81.9
o .  o  o . o

3 7 . 8  L 3 . 7
o . !  o . o 5

lro5. o 182.o

o . &  o . !
o . o 2  0 . o 2

30.o  o .o3
o . 5  o . 7

2 0 3 . 3  6 r . 3
o . 5  0 . ?

8o. o : .u. I
1 . O  O . O

1 0 . 7  2 . 5
1u5O.O 2r2.L

371.O 208.0
b ? o . o  ? 3 . 0
8ao.o  z8o.o

0 . o 2  0 . 0
o . 1 0  0 . 0 1
8 . 9  7  . 6

1?l+o. o 5\0. o
2 . O  0 . 0 1

2 3 . 0  1 . 5
1290.O LrOo.0

2 O O . 0  5 5 . 0
7 7  . o  3 5  . 0
5 . 7  2 . o

r 5 o . o  ! o . o
3 . 3  1 . 0

\ jz.o z j \ .o
o .  o  o . 0

52.O Ib.  O
0 . !  0 . 3

6zo.o  rao .o

1 . 0  0 . o
0 . 0 6  0 . o

3o.o  30 .0
1 . 0  0 .  o

2ro.o 80:o
1 . O  O . O

9 0 . 0  ? o . o
1 . O  1 . 0

1 3 . 0  7 . 5
1500.0 1300.0

7
7
7
7

6
5
6
6
6

6
6
6
6
6

6
6

RN,IAruCS

1) AU results are 1n nilltgrans per tlter (rrelg.) unless otberrrise noted.



RESI'LTS OF CIIE{ICAI, AtrALYSES OF SIJRFACE WATEN
SAI.{PLED ItI TIIE E{By MINE AREA, SITE S-2b

Sanple Slte:
Locatlon:
Dates of Coll.ectlon:
Souree of Data:

s - 2 !  ( S e e  P l a t e  V I - I )
USCS Gauglng Statlon On Quitchupah Creek (O-ZZ-6) 32 DAA
8 /L3l 78 tbror.rgh 12 h3 / 7 8
USGS

No.  o f
Samoles Meen

Stand.ardl
Devlatlon Max Min

GETMAL CEARACTBISTTCS

A1hellnlty, total (as CaCO")
Bardness (noncarbonate) J

Bardnese, total
Iron, d. l .es. (fe1
l{angenese, total- (ldn )
Oll ancl grease
Orrygenr dl.es. (OO)
pfl ,  f leld (ualts)
pH, lab (untts)
Sp. eoacluctaaee, fleJ.d

(tuuos/cn at 25'C)
Sp. contluctaace, lab

(truhos/cn at 25'c)
Dlscharge (cfs)
Tenperatr:re ('C)
Total dl.ssolvedl eollds (fOS)

c,ATrons
Calchn (ca)
Hagaeslub (!tg )
Potasshn (K)
Sotltun (!la)
Socllrn adsorptlon ratio (Snn)

AJTIONS

Sicarbonate (BCO-)
Cerbonate (co.) r

Chlorlde (Cf)'
Fluortde (F)
Sulfate (SOU)

ltAcRoltunlgrrs

f,ltrogen total l(JD as l{
I{ltrate * I{ltrlte as It
Phospborus, total as P

IINAEE A![D OTEER ETEMEII'IS

Arsealc (yg/1,,Asl
Boron (yglf ,B)
Carbon, d.lss. orgaalc
Chronlrn (ygl0,,&l
f.caa (uelX,Pb)
Llthlun (1tsl1",Lll
Pbeuolg (Wlll
Selealr.u (Uelr,,Se)
Sll lea, dl lss. (Sto^)
Sbrontft.u (yglL.Srf

5  9 . 8  1 . 5
5 518. o t+t+g .g
5  85 \ .o  \93 . j
2  0 . 0 1  0 . o
2  0 .o2  0 .o1
2  0 . 0  0 . o
5  9 . 8  J , . '
5  8 . 5  o . 1 8
5  8 . 1  o . 2 5

5 2\25.2 697 .7

t  2850.0 1302.9
5  2 . \ 8  r . 5
5  7 . 3  1 0 . 1
j  zzg7.g 6t+z. t

5  1 \2 .8  55 . t1
5 tzt.6 90.6
5  6 . 1  1 . 8
5 350.0 rr2.3
,  5 . 3 6  1 . o

397 .8 95.3
l . l r  3 . 2 I

6 l . o  z \ . 9
o . L 5  o . o 7

11g!.o ??o. l r

o . ?  o . 2 3
1 . O 3  0 .  0 9
o . 2 7  0 . 2 3

0 . o  0 . o
280.0  110.0

3 . 3 5  0 . 9 2
5 . o  ? . o

2 9 . O  1 . O
1 1 . 0  l . O
L . 5  0 . ?
! . 5  o . o u
9 . 9  2 . 5 3
r . 8  o . t 2

1 1 . 8  8 . 2
13OO.O 15O.O
1?o0.0 l r7o.o

o .o1  0 .o1
o.02  0 .o1
0 . o  o . 0

1 1 . 8  8 . 2
8 . 8  8 . 3
8 . 5  7 . 9

33OO.O 15OO.O

t+6zs.o 1705.o
5 . f  1 . 1 +

2 1 .  O  0 . 0
!188.2  1297.8

23O. O 9l+.0
280.0 56.0

8 . 2  t . [
590.O X90.O

6 . 3  3 . 8

lg5.o 260.0
9 . O  O . 0

100.0  uo .o
o . 5  0 . !

2500.O 510.0

o . 8 5  0 . 5 3
1 . 1  0 . 9 6
o . L 3  o . 1 1

o . o  o . 0
35O.O 2r.O.0

t . o  2 . 7
1 .  O  O . O

3 8 . O  2 . O
I L O . O  8 . o

2  . O  1 . 0
5 . o  ! . 0

l L . O  7 . 3
2 . t  r . 5

5
5
5
2
5

2
2
2

2
2
2
2
2
2
2
2
5
2

REU|nICS

1) A11 results are ln Dllligrr-n per llter (ry,/9.) unless otberrrlse notecl.



Sample Si te :  3-26 (See p late VI- l )
Location: Quitchupah Creek
Dates of Collect ion: tO/26/TT , 2/9 /78, I+/t3/78, and 7 /27 /TB
Source of Data: Owili-Eger

GENEAAI CHARACTffiTSTTCS

Ilardaess, total
fron, total ( f" 1
pH, lab (uni ts)
Sp. eonductanee, lab

( l ' -hos / cm at zr '  c)
Discharge (c fs)
Total d.i ssolved solid s ( fpS )
Total suspended sol ids (fSS 1

CATTONS

Caleir-ur ( Ca )
Magnesir.m (Me )
Potassil:m ( tt)
Sod.irm ( Wa )
Sod.ir.rn adsorption ratio (Sen)

ANTONS

Bicarbonate (HCO-1
Chloride (cr) r

Sulfate ( SOU )

ro/25/77

1230. O
1.8
7 .8

!25o.  o
1 . 1 2

l+obo. o
50.  o

550 .o
580.  o
10.  o

730.  O
l + . 9

335.0
135 .O

2100. o

2/9 /78

l+l+5 . o
o.2
8.1

5h5 .  o
3 .  87

8!0 .  o
!30 .o

150.  O
20.  o
11 .  O

130 .O
2 .6

2ro.o
10.  o

355.o

t+ /tl/tB

210 .  O
o.g
B.o

Bzo. o
1L .81+

500 .  o
5810. o

3go. o
l+l+. o

3 . O
110 .  O

1.  l+

rg5.o
10 .  o

195 .O

T /27 /78

1 1 3 0 .  O
0.6' l  .9

2255 -o
2 . \5

2o?o - o
2920.O

f  l+0.  O
82.  o
5 .0

l r80 .o
B.o

25O.O
50.  o

1l-h5.  O



REST'LTS OF' CEE{ICA], AITAIYSES OT SURFACE TIATER
sAupl,uo rN TEE D'finl urlfE AnEA, SrTE S-29

Sanple Site:
Locatlon:
Dates of Collectlon:
Source of Date:

s-zg  (See P la te  V I - l )
Qultchupah Creek at Mouth Near I-?O (O-alg) f6 Ce.q
7 /23175 tbroush 9 /2r/76
USGS

l fo. of
Ssnples

5
5
5
I
It
1
,

5
5
,
5

5
5
5
5
5

Mean
Standard
Devlat ion

GEilENAL CHARACTERTSTICS

A1he]-lnlty, total (as CaCO^)
Ilardness (noncarbonate ) J

Bardaess, total
I ron,  d lss .  ( fe)
llangenese, total (Mn)
O:qYgen, drEs. (OO)
pH, lab (untts)
Sp. conductance, leb

(tmuos/ctr at pj'C)
Dlscbarge (cfs)
teoperature ('c)
Tota1 cllssolved soIlds (tOS)

CATTONS

Cafclu (Ca)
Uagaestrn (Mg)
Potassfi.u (K)
Sodfin (tla)
Soclir.rn adlsorptlon ratio (SAn)

ATIONS

Bicarbonate (nCO-)
Carbonate (co^) r

cb lor ide t i r t3 '
FLuorlile (F)
Su-Lfate (S0! )

UACROITT'TRIENTS

l{ltrate * I{ltrlte as N
Pbosphorus, total as P

TRAEE AIID qTEM EI,E-THMS

Aluninr.u (Uglt,Af )
Arsenlc (Uelt,es)
Boron (trellrg)
f.eaa (Uglg,pb)
tlthlun (ve/9.J,t)
Eelenlra (Uelt,s.)
Sl l lca, d;tss. (SfO, 1
Stroatftn (Uel[,Srf

269.8 26.2
?o8.o  338.6
956.O 312. O

o . o \  o . o 3
o . o 9  o . o 2
8 . 7
8 . 3  o . o z

3078.0 u\5.  b
5 . o  l r . 8

1 6 . 2  9 . 3
2\06.0 rrzz.5

! o . 6
55.2
3 . 1

231.1+
2 . \

31 .  7
o . o

29.5
o. l ,

75 \ .3

3 . 5
o .01

5 . 8
0 . 5 8

t92.O
2 . 5

1 1 5 . 5
9 - z
1 . 8

L266.2

Min

3 0 5 . 0  2 ! 5 . 0
1100.o 310.O
13OO.O 5?0.O

o . o 8  o . 0 2
o . o 1  0 . o

8 . 5  8 . 0

lr5oo.o 15oo.o
L 2 . 0  0 . 5
2 2 . 5  0 . 0

3710.o  1070.0

t9o .o  L00.0
21O.O 78.0
f ] . .o  3 .7

?o0.0  150.0
8 .  3  2 . 7

373.o  3Oo.O
o . 0  0 . 0

9 6 . o  2 1 .  o
o .5  o .u

23OO.0  5 \o .o

1 0 . 0  L . 6
o . 0 3  0 . 0

3 O . 0  2 0 . 0
1 . O  0 . 0

5 7 0 . 0  1 5 0 . 0
5 . O  O . O

3l+0.  O f  l i0 .o
2 7  . O  9 . 0

9 . 8  5 . 5
3700.o 1300.0

otbertrise noteo.

5
,
5
5
5

150.O
1 \ 5 .  o

7 . 5
lrr5.o

5 . 5

329.o
o . o

58.2
o . 5

1l t28.0

6 . 1 1
o. 01

23.3
o . 3 3

3lt0.O
2 . 3

273.3
1 9 . o
8 . o

2733.3

5
5

3
3
5
3
3
3
5
3

REIARKS

1) A1l resuJ.ts ere Ln nllligrarns per llter (sg/L) rm1ess



RffiI'LTS OF A IIATM
ON CIIRTSTIANSHY

QUALTTY IBEWD STTIDY
WASH , rgTT-19?B

Sanple Site:
Ipeation:
Dates of Collect ion:
Source of Data:

S-32 (See Plate VI- t )
Ctrristiansen Wash
ro /25 /77 , 2/ B /78 , t+ /tz lTB , and 7 /25/18
Owili-Eger

GENffiAL CHARACTERTSTTCS

Hard.ness, total
Iron, total ( fe;
pH, Lab (r:nits )
Sp. conduetance, f ield

( ltnnos/cm et z5' c)
Sp. eond.uctance, 1ab

(prrtros /cm at 25'c)
Discharge (c fs)
Tota1 d,issolved. solid.s (tOS )
Total suspend.ed solids ( fSS )

CATTONS

Calcirln ( Ca;
Magnesir:m (Me )
Potassir.m (tt)
Sod.ir:n (tta)
Sodir:m ad sorption ratio ( SAn )

ANTONS

Blearbonate (HCO^)
Cfi] .oride (Cf) r

Sulfate (SoU )

Lo/ 25 /77

2530.O
o.8
T.T

l+25O. O
o.13

5020. o
100 .0

1125 .  O
1505 .  O

10 .  0
38o. o

r .7

\20.  o
50 .  o

2300.o

2/8/TB

1150 .  O
o.2
8 .1

1l8o. o
o .23

2290.O
15 .O

350 .  O
?0 .o
l r .O

200 .  o
2 .5

310 .O
10 .o

1250.  O

\ ltz/tB

l+?0. o
1 .O
7 .8

! /26/78

1305 .0
o .1
? .8

22BO.O
O.l+)+

2\20.O
100.  o

300 .0
170.  0

1 .5

310 .0
25.O

1320 .0

1180 .  O
o .52

9r5.O
l+ 5l+0. o

300.o
6 j . o
5 .0

120.  O
r .6

210  .0
5 . 0

l + 3 5 . 0



Sample Site:
Iocation:
Dates of Collect ion:
Source of Data:

S-33  (See  P la te  V I - l )
Christiansen Wash
Lo/25/77,  z /8/78,  \ l tz /78,  and I /26/TB
Orili-Eger

ro/ 25 /77

3825.o
o.5
7.9

8l+00. O
o .22

1O95O. O
150 .  o

1250.  0
257'  .O

15 .  O
1500.  o

5 .6

l+1O. O
90 .  o

6zjo.o

2/  8/78

230 .0
o .2
8 .1

3190 .0
O. l+O

588o. o
100.  0

52O.O
2l+0. O
r !  . 0

1100 .0
10 .  o

292.O
1\o. o

3910. O

990.  O
2 .1+
8.o

2995.O
o.55

2580 .  O
2290 .O

320. O
1TO. O

7 .O
3Bo. o

l + .3

275.O
50 .  o

1505.  O

7! : .  o
o .1
8 .o

1950.  o
1 .  58

1 ? 1 0 . 0
100.  o

1 2 0 . 0
100 .  o

? . 0
a8o.  o

l+.  5

280 .0
35  .0

890.  o

\ /tzlt8 t  /25/tB
Gg[ffiAL CHARACTERTSTTCS

Hard.ness, total
I ron,  to ta l  ( fe)
pH, lab (r:nits )
Sp. eonduetanee, f ield

( lmtros/cm at Z5' e)
Sp. eonductanee, lab

( t-untros/cn at zr" c)
Discharge ( cfs )
Total dissolved sol id.s (fOS)
Total suspended sol ids (fSS)

CATTONS

Calcilm ( Ca )
Magnesiua (ttts)
Potassir-m ( f )
Sodl:n ( wa )
Sodir:ro ad.sorption ratio ( SAn 1

ANTONS

Bicarbonate (HCo- 1
Chlor ide (Cf)  r

Sulfate (SOU )



Sample Site:
Location :
Dates of Colleetion:
Source of Data:

S-3 !  (See  p la te  V I -1 )
Christiansen Wash
ro/25/77,  z /B/ f8,  t+/ tz /TB, and T/25/79
Orili-Eger

GENffiAI CIIARACTffi TSTTCS

Hard.ness , total
fron, total ( fe)
pH, lab (units )
Sp: eonductance, f ield

( tmnos/cn at 25" C)
Sp. conductance, 1ab

( Lutros /cn at 25" C)
Diseharge (efs )
Total d.issolved solids ( fOS 1
Total suspended sol ids (tSS)

CATIONS

Caleiur ( Ca 1
Magnesir,m (Me )
Potassir-rm ( f )
Sodirm ( Na )
Sod.iun adsorpti.on ratio (Sen)

AI!TONS

Bicarbonate (HCO^;
Chtoride ( Cr) 5

Sulfate ( SOU )

ro/2, /77

3805.  o
O. l+
8.  o

85oo. o
o .27

9585.  I
225.O

1250.  O
2555.O

15 .  O
L'oo.  o

5 .6

l+ho. o
200.  o

6000. o

zl8l tB

235.O
o.2
8 .1

3180. O
o.32

?030. o
30 .0

550.o
25O.O
]-,2. o

1 3 0 0 . 0
1 1 .  5

l+20.  O
130 .  O

lo8o. o

t+ /tz /tA

1035.  0
1 .8
8.r

3050.  o
o.  60

2T2O.O
1080 .0

230 .O
u0.  o

7.o
l+00. O

I+ .9

285 -o
l+0.  O

171+5 .o

7 /26/ tB

?35 .  O
o.1
8 .1

2070.o
o .  gB

u90.  o
100.  o

1 3 0 .  O
110 .  O

7 . 0
3 5 0 .  0

5 .5

280.  0
35 .O

9l+0. O



Se.nple Site:
Location:
Dates of Colleetion:
Source of Data:

S-35 (See p lare
Ctrristiansen Wash
to /25/77,  z l8 l t$,
Owili-Eger

vr -1 )

t+/tz/tj, and 7 /25/TB

GMIffiAL CHARACTffiISTTCS

fiardness, total
fron, total ( fe)
pH, lab (r:nits )
Sp. cond.uctanee, field

( l*t os / cm at 25" C|
Sp. concluctanee, lab

(lnrros/cm at 25'c)
Discharge (cfs )
Total dissolved. so]-id.s (fOS )
Total suspend.ed solids (fSS )

CATTONS

Caleir:n ( Ca )
Magnesiun ( t'te )
Potassir-m ( f )
Sodir.m ( na;
Sodiun adsorption ratio (SAn)

AI{TONS

Bicarbonate (nCO^ 1
Ctrlorid.e (cr) 5

Sulfate (SoU )

ro/25 /77

805.  o
o.2
8 .0

2000. o

tgg5.o
25.O

290.O
515 .0

5 .O
155 .  O

1 .h

258.  o
30.  0

5OO. O

2/8/78

lOl+0.  O
o.2
8 .1

1280. O

23TO.O
1 .O

260.o
90 .  0

5 .O
29O.O

! .o

320.  O
ho.  o

1310. O

t+ ltz/tA

gl|o. o
o .1
8 .1

2\05 . O

2100. o
1 .0

t5o. o
150 .  O

l+.  O
25O.O

3. l+

310.  O
lto.  o

1155.  O

7 /26/'(B

8o5.o
0.1
7 .8

u35.  o

1l+?5.  o
100.  0

130 .0
110.  O

3 .0
1 l+0.  O

2 .2

330.  O
30 .  o

73o. o



Sanple Site:
Locati.on:
Dates of Collect ion:
Source of Data:

S-35 (see P la te  vr - l )
Quitchupah Creek Tributary
to/26/TT ,  p/9 /78, t+/ t3/78, ana 7 /27 /78
otdlt-Eger

GENffiAL CHARACTERISTTCS

Hard.ness, total
fron, total ( fe )
pH, lab (r:nits )
Sp. eonduetanee, lab

(l*r 'os/"n at 25" e)
Discharge ( cfs )
Total dissoLved. solid.s (fOS 1
Total suspended sol ids (tSS)

CATTONS

Calci.r.rn ( Ca )
tlagnesirm ( Me )
Potassium (f)
Sod.ir.u (tta)
Sodir.u adsorption ratio (Snn)

AI{IONS

Biearbonate (HCO^ 1
Ctrloride (cr) r

Sulfate (SOU )

to /26ltt

36oi .o
o.  h
8.o

10800. o

131?5.  O
135 .  O

r2r5.o
239O.  O

u.o
2500 .  o

9 -6

505 .  O
250 .  O

85oo . o

2/e /78

15O.  0
o.2
8.2

29O.O

370 .  O
1bO.  O

80 .  o
20 .  o
5.o

3 7 . O
1 . O

210 .  O
l_o. o
95.O

t+ /ts/tB

955.O
1. !
8 .1

l+eO. O

Zl+O. O
BLjo .o

h l+o .o
35 .  o

l+  .0
6g.o
o.9

17O.O
5 .O

37 .  O

7 /27 178

535  .0
o . l
B .o

2 0 2 5 . O

t585 . o
1 0 0 . 0

110 .0
8 5 . 0

5 . 0
350.  o

5 .3

z5 j .o
25.O

g4o.  o



Sample Si te:
Ioeat ion :
Dates of  Col lect ion:
Source of Data:

S-37  (See  P la te  V I - t )
Quitchupah Creek
:- .o/25/77, 2/9/78, t+/tSlTB, ana T/zT/TB
Owili-Eger

GENEnAI CHARACTMISTTCS

Hard.ness, total
fron, total ( fe)
pH,  lab (nni ts)
Sp. conductanee, lab

( untros /cn at zj' c)
Diseharge ( cfs )
Total dissolved sol ids ( fOS )
Total suspended. sol ids (fSS)

CATTONS

Calc ir:m ( Ca )
Magnesir:m (Ug )
Potassir,m ( I( )
Sod.ir-rm (N.)
Sod.ir:m ad.sorption ratio ( SAn )

AI'if ONS

Biearbonate (HCO_ 1
c'irlori de ( Cr ) 

r

Sulfate ( SOU )

ro /26 / 7T

NO
FLOW

0 . 0

2/9 /78

680.  o
o .2
8 :1

5]6.o
1 .07

7l+0. o
295.O

90.0
120 .  O

9 . 0
1 l+0 .  O

2 .3

255.O
20 .  o

235.O

I+ /tsltB

235.O
1 . !
8 .1

7 \5 .O
3 .  83

h?o.  o
3355 . o

230 .  O
37 .  O
l+. O

82 .  o
1 .3

210.  O
20 .  o

l-\o. o

7 /27 /78

NO
FLOW

0.o



Sa.nple Site:
Location:
Dates of Colleeti .on:
Sor:rce of Data:

S-38  (See  p la re  V I - t )
Quitchupah Creek
LO/25/77 ,  2 lg /78,  t+/ : ,3 /78,  arrd.  7  /27 lTB
Orl.ili-Eger

GENIRAI, CHARACTMTSTTCS

Hardness, totaf
f ron,  to ta l  ( fe)
pII, Iab (units )
Sp. cond.uctance, J.ab

(turhos /cm at Z5'C)
Discharge ( cfs )
Total di ssolved solids ( fOS )
Total suspend.ed. solids (fSS)

CATTONS

Calcir:rn (Ca)
Magnesir.m (Me )
Potass iun ( f )
Sod.ir:m ( tla )
Sodir.m ad.sorption rat io ( San )

ANTONS

Bicarbonate (RCO^;
Chloriae (cr) r

Sulfate (SOU )

:-.o/25/tt

1050. o
o . l+
7 .7

25OO.O
o .  50

2295.O
15 .  O

565.o
I+95.o

7 .O
310. O

2 .3

320 .O
?o. o

1250 .  O

2/9 /78

L l *5 .  o
o .2
8 .1

5 \5 .O
\ .27

8Lo.  o
l +30 .0

150 .  0
20 .  o
11 .  O

130 .  O
2 .6

2ro.o
l-o. o

365.o

\ h3/78

210.  O
L .3
8 .0

610.  o
u. 87

310 .0
5r3o . o

370 .0
37 .  0

3 .0
89 .  o
r .2

185 .o
5 .O

1O5.  O

7/27/78

590 .0
o .1
? .8

] ' l+ho. o
o.  Bo

1 1 9 5  . 0
1 0 0 .  o

1 2 0 . 0
5s.  o
h.o

160.  o
2 .9

2l+O. O
25.O

655 -o



t
Sample Site:
locat ion:
Dates of Collect ion:
Source of Data:

S-39  (See  P la te  V I - l )

Quitchupah Creek
ro/25/TT, 2/9/78, t+/t3/78, and 7/27/78
Oril.i-Eger

GENERAL CHARACTMISTTCS

Eardness, total
fron, total ( fe1
pH, lab (r:nits )
Sp. eonductanee, lab

( Umtros/cm at Z5' C)
Discharge ( cfs )
Total dissolved sol ids
Total suspended. soJ.i d.s

CATTONS

Caleir:m ( Ca )
Magnesirm (Me )
Potassir:m (f)
Sod.ir.rm ( tta 1
Sodiun adsorption rat io

AIITONS

Bicarbonate (nCo^ )
Clrlorid.e (cr) 5

Sulfate ( SOU )

(ros)
(rss )

(san)

ro/26/77

1035.  O
o.3
7.2

2TOO.O
o .90

2360.O
L25 .O

500 .0
535.O

? .0
325.O

2 . l l

36j.o
70 ,o

LL5o.  o

2le /78

l+9o. o
o.2
8 .1

6oo. o
\ .oz

88o. o
1lLo. o

130 .  O
l+O. O
17 .  O

130 .  O
2 .6

25O.O
10 .  o

3?O.  O

t+ /ts/t8

200. o
1 .2
8.o

52o.o
22.OO

310. O
6l+5o. o

320. O
3 l t .O

3 .0
72 .O
1 .O

19O. O
5 .O

110 .0

7 /27 /78

350 .  O
o . l -
7 .9

1325.O
o .65

1 0 7 5  . 0
l_00 .0

1 1 0 . 0
5 7  . O

l+ .  O
1 \ 0 .  o

2 . 7

225.o
20 .0

5oo. o



Sample Site:
Location:
Dates of Collect ion:
Source of Data:

S- l+O (See p lare VI- l )
Quitchupah Creek Tributary
to /26/77,  2/9/78,  I+/ I3/TB,
Orili-Eger

Belov Settl ing Pond
and 7 /27 /78

GHIffiAL CIIARACTERISTICS

Harrlness r total_
Iron , total (fe )
pH, lab (nnits )
Sp. eond.uetFnce, Lab

(Unrros/em at Zj'c)
Discharge ( cfs )
Total d.issolved solid.s (tOS)
Total suspend.ed sol-id.s ( fSS )

CATTONS

Calcir:m ( Ca )
Magnesiwn (Me )
Potassiur (f)
Sodir.ur (Ua )
Sodir:m ad.sorption ratio (Snn)

ANTONS

Bicarbonate (ttCO^ )
Chloricle (Cf) r

Sr.rJ.fate ( SoU )

ro/25 /77

1085. O
o.1
8 .2

5000. o

l+ l* :>.0
50.  o

l+25.o
55o.o
10.  o

750.  0
5 .3

390.  O
150.  o

2350.O

2 /9 /78

8so.o
o.2
9 .3

23\O . O

l+o5o. o
1 . O

150.  o
110 .  O

?.o
g5o.  o
1l+.  3

390.  o
1l+O. O

22BO .  O

t+ /ts/tB 7 /27 /78

?50.o
o .1
8 .6

l+5 \> .  o

3910. O
100 .  0

82.  o
120 .  O

B.o
1100.  o

l -8.  1

l+l+0. O
1 3 0 . O

2 0 9 5 . O

7\5  .o
o .1
9 .3

l+855.  o

s85o.  o
1 .O

130 .  0
lLO.  O

7 .O
990 .  o

1 l+ .1+

l+05 . O
135 .  O

2270.O
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APPENDIX VI.l4

Mass-Balance Estimates of
Future Mine-Water Discharges



Calibration Calculations and
Comparison with Historic Data



Table 1. Upper Ferron Aquifer Groundwater Elevation Data (units: feet)

R2(u)
TP
AA(u)
BRYANT
EMRIA3
FC346WW
H(U)

MUDDY2(U)
usGSl -2(U)
l2
EMEIA2
FC343
LEWrS(U)
MUDDY4
USGSl -3
USGSl -4
USGS2.4

6030.4
NA

5980
6030.4
6041.1
6095.5
6187 .8
5898.9
6000.8
6022.3
N/A
6053.5
6061 .5
6038.5
6 0 5 1 . 8
6047.8
6306.8
6003.0

6043.3
5722.0
5869.5
5807.2
6022.8
6072.8
6160 .0
5940.4
597 5.4
5991 .6
NA
6056.6

5840.1
6045.9

5709.0
5863.3
5798.0
6020.0
6069.1
6160 .0
5939.8
5973.7
5958.5
NA
6053.5

. 3

5830.1
6043.8

5821 .9
5645.5
5860.8
5706.3
6028.9
6058.2
6173.4
5939.8
5955.6
5958.6
5711.0
6063.2

5751.2

NA
5637.7
5858.2
5733.9
6020.5
6028.1
6173 .6
5940.0
5948.1
5945.9
5705.2
6041 .9

5762.2

5550.0
5636.0
5858.0
5732.0
6030.0
6022.0
6176 .0
5940.0
5848.0
5944.0

NA
5620.0
5850.0
5720.0
6010.0

Change
480.4
102.0
130.0
310.4
31 .1

5759.0

6160.0 27 .8
5930.0  -31.1
5930.0 70.8
5900.0 122.3

5750.0

6307.0



Table 2. Emery Mine discharge data.

Time
Mined Area

(acres)
Mine Discharqe (cfs)

Average Cumulative
1945-1973
1974-1975
1975-1976

1977
1978
1979
1 980
1 981
1982
1 983
1984
1 985
1986
1 987
1 e88l
1 esel
1 eeol
1ee1 l
19921
1ee3l
1ee4l
1 eesl
1ee6l
1 eeTl
1 eesl
1 eeel
20001
20011
20o2l
20031
2004l|
20051

117 .15
48.61
46.77
19 .63
43.09

6.75
56.12
6.90

37.26
18.94
36.88
76.05
28 e81
28 061
87 251
56 731
27.2e1
o.ool
0.001
o ool
0.001
o.ool

3331
0.001
0.001
o.ool
0.001

11 .501
10.271
14.871
28.061

0.70
1 .11
0.68
1 .07
1 .20
1 .00
0.80
0.60
1 .00
1 .10
0.90
0 eei
0 e7l
1 .101
1.331

??31
0 671

1r3l
1.031
1.031
0.e01
o sal
0.601
o.tt l
0.621

0.70
1 . 8 1
2.49
3.56
4.76
5.76
6.56
7 . 1 6
8 . 1 6
9.26

1 0 . 1 6
1 1 . 1 5
1 2 . 1 2
13.22
14.55
15.43
16.61 I
17.281
18.42li
1e  51  |
20.54l|
21.571
22.471
23.011
23.61 |
24.381|
25.001

Statistical Analysis
Mean
Std. Deviation
Max
Min

0.87
0 .21
1 .33
0.54

18.68 cfs
4.52 cfs

25.00 cfs
1 1 .15 cfs

Avg. inflow prior to temp. shutdown (1979-1990)=
Avg. inflow during temp. shutdown (1991-2001)=
Avg. inflow following restart of mining (2002-2005;=

0.93 cfs
1.03 cfs
0.63 cfs
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Estimated mine-water discharge from the Emery Mine (1980-1990) based on the Hantush Equation
(see Singh and Atkins, '1985)

Assume: (1)

(21

The potentiometric surface is as indicated in Table 1

(3)

Average dip of coal bed (fUft) =

Hydraulic conductivi$:
Assumed transmissivity
Storage coefficient
K in Bluegate shale 4.40E-04 tUday

The Ferron Sandstone averages 400 feet in thickness in the mine area (see Chap. V of MRP)

The lJ coal seam has an average thickness of 20 feet
The average thickness of the Upper Ferron sandstone above the lJ coal seam is 80 feet

Mine water usage: 0.0221 cfs/acre (using 2002,2004, 2005 data when pillars are pulled out; see data below)

0.067 (from Chap. V of MRP)

0.2O leetlday (Calibrated value. Compare with site data in Chap. Vl of MRP and Lines et al. [1983])
80 ft^2lday (see Chap. Vl of MRP and Lines et al. [1983])

1.59E-03 (see Chap. Vl of MRP)
(see 2005 slug test data)

(41

(5)

(6)
Avg. discharge from mine during temporary shutdown (1991-2001):
Avg. discharge from mine following re-start (2002-2005):

1.03 cfs (see Table 2)
0.63 cfs

(7)

Analytical Model:

Aflow 0.40 cfs (represents water usage in the mine)

Subsurface inflow: Lateral recharge comes from Joes valley fault zone,
The recharge length 2.17 mile after 1990
Average discharge from mine during period of temporary shutdown (1991-2001): 1.03 cfs
Recharge per unit length = 0.47 cfs/mile

Hantush Equation: Q=2nTDG(A,r/B)
I=TVr^2S
r/B=r(K'/KLL')^1/2

Year 1980 (1)
Parameters

Calculation

Year 1980 (2)
Parameters

Calculation

(using 1 979 Potentiometric surface)
r (ft) D (ft) L' (ft) L (ft) t(day)

787 420 330 400 365
A 2.97E+01 r/B 0.047631 G value 0.4 Q

(using 1 979 Potentiometric surface)
r (ft) D (ft) L',(ft)

400 215
A 1.15E+02 r /B 0.35 Q

L (ft) t(day)
125 400 365

0.039335 G value

0.98 cfs

0.44 cfs

1.24 cfs

0.87 cfs

1.05 cfs

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

Year 1981 (using average of 1 979 and 1 982 Potentiometric surface)
Parameters r (ft) D (ft)

300 121
L'(ft) L (ft) t(day)

Galculation A

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

2.04E+02 rlB
31 400 365

0.05924 G value 0.29 Q 0.20 cfs

0.15 cfs

0.90 cfs

0.96 cfs

Year 1982(1) (using 1982 Potentiometric surface)
Parameters r (ft) D (ft) L'(ft) L (ft) t(day)

48 0 400 365
8.24E+O1 r lB 1 Gvalue

472
Calculation A

Year 1982(21 (using 1982 Potentiometric surface)
Parameters

0.545 Q

0.34 Q

0.1 5 cfs

0.49 cfs

0.32 cfs

0.82 cfs

0.90 cfs

1.04 cfs

r (ft) D (ft)
541

Galculation I

Year 1982(3) (using 1982 Potentiometric surface)
Parameters r (ft) D (ft) L'(ft)

Calculation A

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

670  100  10
4.09E+01 r/B

L'(ft)
248

6.27E+01 rlB

L (ft) t(day)
158 400 365

0.04732 G value

L (ft) t(day)
400 36s

0.232943 G value 0.54s Q



Year 1983 (refer to 1979 Potentiometric surface at well FC343)
Parameters r (ft) D (ft) L' (ft) L (ft) t(day)

724 260 170 400 365
Galculation A 3.50E+01 r/B 0.061051 G value 0.39 Q

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

0.59 cfs

0.42 cfs

0.90 cfs

1.08 cfs

Year 1984(1) (refer to 1983 Potentiometric surface at well USGSI-2 )
Parameters r (ft) D (ft)

724 150
L'(ft) L (ft) t(day)

Calculation A 3.50E+01 r /B

Year 1984(2) (refer to 1983 Potentiometric surface at well USGS1-2 )
Parameters r (ft) D (ft)

s00 160
L'(ft) L (ft) t(day)

7.35E+01 r/B

60 400 365
0.102763 G value

0 400 365
1 G value

0.41 Q

0.545 Q

0.36 cfs

0.51 cfs

0.81 cfs

0.93 cfs

0.98 cfs

Calculation A

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

Year 1985(1) (using 1983 Potentiometric surface)
Parameters r (ft) D (ft)

540
L'(ft) L (ft) t(day)

263 173 400 365

L'(ft) L (ft) t(day)
50 0 400 365

1 .84E+03r /B  l  Gva lue

Parameters

Calculation

Calculation A 6.30E+01 r/B 0.045138 G value

Year 1985(2) (using 1986 Potentiometric surface)
r (ft) D (ft) L'(ft) L (ft) t(day)

761 289 199 400 365
A 3.17E+01 r lB 0.059311 G value

Year f 985(3) (using 1986 Potentiometric surface)
Parameters r (ft) D (ft)

100
Calculation A

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

0 .35  Q

0.42 Q

0.3 Q

0.54 cfs

0.71 cfs

0.09 cfs

1.68 cfs

1.01 cfs

0.66 cfs

Parameters

Calculation

Year 1986(1) (using 1986 Potentiometric surface)
r (ft) D (ft) L' (ft) L (ft) t(day)

449 100 10 400 365
A 9 .11E+01  r /B  0 .156107  G va tue

Year 1986(2) (using 1986 Potentiometric surface)
Parameters r (ft) D (ft)

446
L'(ft) L (ft) t(day)

66 0 400 365
9.23E+01 r /B l  Gvalue

0.33 Q

0.545 Q

0.19 cfs

0.21 cfs

0.64 cfs

1.03 cfs

0.79 cfs

Calculation A

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

Year 1987(f ) (using 1986 Potentiometric surface)
Parameters r (ft) D (ft)

366 53
L'(ft) L (ft) t(day)

0 400 365
1 G value

L'(ft) L (ft) t(day)
286 196 400 36s

Calculation A 1.37E+02 r lB

Year 1987(2) (using 1986 Potentiometric surface)
Parameters r(ft) D (ft)

500

0.406 Q 0.13 cfs

0.55 cfs

0.62 cfs

1.03 cfs

1.09 cfs

Galculation A

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

7.35E+01 rlB 0.039266 G value 0.33 Q



Year 1988(1) (using 1989 Potentiometric surface)
Parameters r (ft) D (ft) L'(ft)

400 286 196
Galculation A 1.15E+02 r/B

Year 1988(2) (using 1989 Potentiometric surface)
Parameters r (ft) D (ft) L' (ft)

400 286 196
Cafcufation A 1j5E+02il8

Year 1988(3) (using 1989 Potentiometric surface)
Parameters r (ft) D (ft) L' (ft)

570 480 390
Calculation A 5.65E+01 r/B

Year 1988(4) (using 1989 Potentiometric surface)
Parameters r (ft) D (ft) L' (ft)

6 2 5 0 0
Cafculation A 4.70E+o1 rlB

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

L (ft) t(day)
400 365

0.031413 G value

L (ft) t(day)
400 365

0.031413 G value

L (ft) t(day)
400 365

0.031734 G value

L (ft) t(day)
400 365

1 G value

0.309 Q

0.309 Q

0.32 Q

0.2 Q

0.51 cfs

0.51 cfs

0.89 cfs

0.00 cfs

1.92 cfs

1.03 cfs

1.03 cfs

Year 1989(1) (using 1989 Potentiometric surface)
Parameters

Calculation

r (ft) D (ft) L' (ft)
683 360 270

A 3.94E+01 r/B

L (ft) t(day)
400 365

0.0457 G value

L (ft) t(day)
400 365

0.022251 G value

L (ft) t(day)
400 365

1 G value

Year 1989(2) (using 1989 Potentiometric surface)
Parameters r (ft) D (ft) L' (ft)

256 250 160
Calculation A 2.80E+02 rl8

Year f 989(3) (using 1989 Potentiometric surface)
Parameters r (ft) D (ft) L'(ft)

502 0 -90
Calculation A

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

7.29E+01 rlB

0.36 Q

0.284 Q

0 .2  Q

0.75 cfs

0.41 cfs

0.00 cfs

1.25 cfs

1.03 cfs

0.95 cfs

Year 1990(1) (using 1990 Potentiometric surface)
Parameters

Calculation

r (ft) D (ft) L'(ft) L (ft) t(day)
272 175 85 400 365

x 2.48E+02 rlB 0.032437 G value

Year 1990(2) (using 1990 Potentiometric surface)
r (ft) D (ft) L' (ft) L (ft) t(day)

272 175 85 400 365
I 2.48E+02 rlB 0.032437 G value 0.29 Q

Year 1990(3) (using 1990 Potentiometric surface)
Parameters r (ft) D (ft)

478
L'(ft) L (ft) t(day)

Parameters

Calculation

Galculation A

Mine facil ity usage:

Laterat recharge

TotalMine Discharge:

1 5 0
8.04E+01 r/B

400 365
1 G value

0.29 Q

0.545 0

0.30 cfs

0.30 cfs

0.05 cfs

0.60 cfs

1.03 cfs

1.07 cfs



Estimated mine-water discharge from the Emery Mine based on the tunnel inflow equation
(see Freeze and Cherry, 1979)

Assumed avg. hydraulic conductivity: 0.20 ftlday

Vertical mine-water inflow (see Plate Vl-6A for mine extents and dimensions each year):

1e80(1)
1e80(2)

1980

1e82(1 )
1e82(2)
1e82(3)

1982

1 e84(1 )
1e84(2)

1984
1 e85(1 )
1e85(2)
1e85(3)

1985

1e86(2)
1 986

1e87(1 )
1e87(21

1987
1 e88(1 )
1e88(2)
1e88(3)
1e88(4)

1988
1 e8e(1 )
1e8e(2)
1e8e(3)

1989
1ee0(1 )
1eeo(2)
1ee0(3)

1990

Emery Mine Water Budget Prediction with the Tunnel Inflow Equation (all flows in cfs)

10.43
1 . 3 1

11.74

0.61
5 . 1 5
1.57
7.34

1.00
2.02
2 . 1 8
5.52
0.57
8.28
0.56
0.72
1 . 2 8
0.39
2 . 1 4
2.54
1 . 0 0
1 . 5 7
0.00
5.46
8.03
6.93
s.39
0.00

12.32
0.61
1 . 0 1
0.43
2.O5

0.001517508
0.000931616

0.001030807
0.000561 132

1312.5 0.000760132

0.001075131
0.001 150955
0.000382827

0.001142268
0.001142268

0.001678673

0.001352454
0.001036743

0

0.000807776
0.000807776
0.000313014

Year Vertical Inflow Horizontal Inflow Total Mine Inflow Facilitv Usaqe Pump Discharqe
1980
1 9 8 1
1982
1 983
1 984
1985
1986
1987
1 988
1 989
1990

11.74
0.63
7.34
1 . 4 9
2.02
8.28
' , .28

2.54
8.03

12.32
2.05

0.87
0.90
0.90
0.90
0.93
1 . 0 1
1 . 0 3
1.03
1 . 0 3
1 . 0 3
1 . 0 3

12.62
1 . 5 3
8.24
2.40
2.95
9.28
2.31
3.57
9.06

13.35
3.08

1 . 2 4
0 . 1 5
0.82
0.42
0.81
1 . 6 8
0.64
0.62
1 . 9 2
1 . 2 5
0.60

1 1 . 3 8
1 . 3 8
7.42
1 . 9 8
2 . 1 3
7.60
1.67
2.95
7 . 1 3

12.10
2.47

Average 5.25 0.97 6.22 0.92 5.29



Comparison of discharge estimates with
measured values - Emery Mine, 1980-1990

Mine Water Discharge (cfs)
Time Measured Hantush Tunnel

1 980
1 981
1982
1 983
1984
1 985
1 986
1987
1 988
1 989
1 990

Average

1 .11
0.68
1 .07
1 .20
1 .00
0.80
0.60
1 .00
1  .10
0.90
0.99

1 .05
0.96
1.04
1 .08
0.98
0.66
0.79
1 .09
1 .03
0.9s
1.07

1  1 .38
1 .38
7.42
1 .98
2 .13
7.60
1 .67
2.95
7 .13

12 .10
2.47
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Predictions of Future
Mine-Water Discharge



Predicted future mine-water discharge from the Emery Mine (through 2013) based on the Hantush equation
(see Singh and Atkins, 1985)

Assume: (11

l2l

(3)

(8)

Analytical Model:

The potentiometric surface is as indicated for 1995 in Table 1

Average dip of the coal bed (fUtt) = 0.067

Hydraulic conductivity 0.20 feeUday (Catibrated vatue)
Assumed transmissivity
a storage coefficient
K in Bluegate shale

80 tl^2lday (see Chap. Vl of MRP and Lines et al. [1983]))
1 .59E-03

(4)

(5)

(6)

(see Chap. Vl of MRP)
4.40E-04 ftlday (see 2005 slug test data)

The Ferron Sandstone averages 400 feet in thickness in the mine area

The lJ coalseam has an average thickness of: 20 ft
The average thickness of the Upper Ferron sandstone above the lJ coal seam is: 80 ft

Mine facil ity usage: 0.0221 cfs/acre
Based on: Average mine discharge from 1991-2001=

Average mine discharge from 2002-2005=
Difference (i.e., in-mine water usage)=
Historic mine areas (from Plate Vl-6A)

Horizontal inflow per unit length of mine =

Future mine workings to be oriented as indicated on Plate Vl-6A

Hantush Equation: Q=2rTDG(A,r/B)
A=TUr^2S
rlB=r(K'IKLL')^112

1.03 cfs
0.63 cfs
0.40 cfs

(71 Horizontal inflow: Originates from the Joes Valley-Paradise fault zone
Mine length exposed to inflow from the fault zone: 2.17 mile
Assumes all inflow from 1991-2001 resulted from horizontal flow to the mine

0.47 cfs/mile

Year 2006(1)
Parameters

Calculation

Year 200612l.
Parameters

Calculation

Year 2006(3)
Parameters

Calculation

Mine facil ity usage:

Lateral recharge

(using 1 995 Potentiometric surface)
r (ft) D (ft) L'(ft)

550 200
A 6.07E+01 r/B

(using 1995 Potentiometric surface)
r (ft) D (ft) L'(ft)

312 350
A 1.89E+02 r/B

(using 1995 Potentiometric surface)
r (ft) D (ft) L'(ft)

579 190
A 5.48E+01 r/B

L (ft) t(day)
1 10 400 365

0.057656 G value

L (ft) t(day)
260 400 365

0.02'1274 G value

L (ft) t(day)
100 400 365

0.063658 G value

0.36 Q

0.284 Q

0.374 Q

0.42 cfs

0.58 cfs

0.41 cfs

1.31 cfs

1 . 1 9

Year 2007(11
Parameters

Calculation

Year 2007(21
Parameters

Calculat ion

Year 2007(3)
Parameters

Calculation

(using 1995 Potentiometric surface)
r (ft) D (ft) L'(ft)

667 250
A 4.13E+01 r/B

(using 1995 Potentiometric surface)
r (ft) D (ft) L'(ft)

356 320
A 1.45E+O2 rlB

(using 1 995 Potentiometric surface)
r (fi) D (ft) L'(ft)

583 180
5.40E+01 r/B

L (ft) t(day)
160 400 365

0.057975 G value

L (ft) t(day)
230 400 365

0.025808 G value

L (ft) t(day)
90 400 365

0.067565 G value

0.36 Q

0.29 Q

0.52 cfs

0.54 cfs

0.374 Q 0.39 cfs



Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

1.45 cfs

1  . 1 9

1.19 c fs

Year 2008(1) (using 1995 Potentiometric surface)
Parameters

Calculation

r (ft) D (ft) L'(ft)
655 305

A 4.28E+01 r/B

208
4.00E+01 r/B

L (fi) t(day)
215 400 365

0.049113 G value

L (ft) t(day)
390 400 365

0.041365 G value

L (ft) t(day)
118 400 365

0.068622 G value

Year 2008(2) (using 1995 Potentiometric surface)
Parameters r (ft) D (ft) L'(ft)

743 480
Galculation A 3.33E+01 r/B

Year 2008(3) (using 1995 Potentiometric surface)
Parameters r (ft) D (ft) L'(ft)

0.35 Q

0.39 Q

0.38 Q

0.62 cfs

1.09 cfs

0.46 cfs

2.30 cfs

1 .45

1.33 cfs

678
Galculation A

Mine facil ity usage:

Lateral recharge

Total Mine Discharge:

Year 2009(f ) (using 1995 Potentiometric surface)
Parameters r (ft) D (ft) L'(ft)

543 340
Calculation A 6.23E+01 r/B

Year 2009(2't (using 1995 Potentiometric surface)
r (ft) D (ft) L'(ft)

230 390
A 3.47E+O2 rlB

L (ft) t(day)
250 400 365

0.037758 G value

L (ft) t(day)
300 400 365

0.0146 G value

L (ft) t(day)
70 400 365

0.090147 G value

Parameters

Calculation

0.35 0

0.255 Q

0.38 Q

0.69 cfs

0.58 cfs

0.35 cfs

1.31 cfs

1 .45

1.77 ds

Year 2009(3) (using 1995 Potentiometric surface)
Parameters r (ft) D (ft) L'(ft)

686 160
Galculation A 3.90E+01 r/B

Mine facil ity usage:

Lateral recharge

Total Mine

Year 2010(1) (using 1995 Potentiometric surface)
Parameters r (ft) D (ft) L'(ft)

611  400
Cafculation A 4.92E+01 rlB

Year 2010(21 (using 1995 Potentiometric surface)
Parameters r (ft) D (ft) L'(fi)

790 390
Cafcufation x 2.94E+01 r/B

Year 2010(3) (using 1995 Potentiometric surface)
Parameters r (ft) D (ft) L' (ft)

699 203
Galculation A 3.76E+01 r/B

Mine facility usage:

Lateral recharge

Total Mine Discharge:

L (ft) t(day)
310 400 365

0.038154 G value

L (ft) t(day)
300 400 365

0.050147 G value

L (ft) t(day)
113 400 365

0.072296 G value

0.35 Q

0.4 Q

0.81 cfs

0.91 cfs

0.45 cfs

2.37 cls

1.48

1.28 cfs

0.38 Q



Year 2011(11
Parameterc

Calculation

Year 2011121
Parameters

Calculation

Year 2011(3)
Parameters

Calculat ion

Mine facil ity usage:

Lateral recharge

TotalMine Discharge:

(using 1995 Potentiometric surface)
r (ft) D (fi) L'(ft)

568 410
A 5.69E+01 r/B

(using 1995 Potentiometric surface)
r (ft) D (ft) L'(fi)

572 348
A 5.61E+01 r/B

(using 1995 Potentiometric surface)
r (ft) D (ft) L'(ft)

689 60
A 3.87E+01 r/B

L (ft) t(day)
400 36s

0.03491 G value

L (ft) t(day)
400 365

0.039153 G value

0.35 Q

0.36 Q

L (ft) t(day)
400 365

1 G value 0.784 Q

320

258

0.83 cfs

0.73 cfs

O.27 cfls

1.79 cfs

1 .48

1.52 cfs

Year 2012(11 (using 1995 Potentiometric surface)
Parameterc r (ft) D (ft) L'(ft)

564 450
Calculat ion A 5.77E+01 r lB

Year 2012(21 (using 1995 Potentiometric surface)
Parameters r (ft) D (ft) L'(ft)

288 340
Calculation A 2.21E+02 rlB

Year 2012(31 (using 1995 Potentiometric surface)
Parameters r (ft) D (ft) L'(ft)

0
5.48E+01 r/B

L (ft) t(day)
360 400 365

0.032682 G value

L (ft) t(day)
250 400 365

0.020026 G value

L (ft) t(day)
0 400 365

1 G value

0.3s Q

0.284 Q

0.784 Q

0.92 cfs

0.56 cfs

0.00 cfs

1.33 cfs

1 .48

1.63 cfs

579
Calculat ion A

Mine facil ity usage:

Lateral recharge

TotalMine Discharge:

Year 2013(11 (using 1995 Potentiometric surface)
Parameters r (ft) D (ft) L'(ft)

643 525
Galculation A 4.44E+01 rlB

Year 2013(21 (using 1995 Potentiometric surface)
r (ft) D (ft) L'(ft)

404 255
A 1.13E+02 r/B

0
3.11E+02 r /B

L (ft) t(day)
435 400 365

0.033895 G value

L (ft) t(day)
165 400 365

0.034579 G value

L (ft) t(day)
400 365

1 G value

Parameters

Calculat ion

0.34 Q

0.32 Q

0.545 Q

1.04 cfs

0.47 cfs

0.00 cfs

1.01 cfs

1 .48

1.98 cfs

Year 2013(3) (using 1995 Potentiometric surface)
Parametens r (ft) D (ft) L'(ft)

243
Calculat ion A

Mine facil ity usage:

Lateral recharge

TotalMine Discharge:



Emery Mine Discharge Prediction

Time Discharqe (cfs)

zUQ(j

2007
2008
2009
2010
2011
2012
2013

1 .29
1  . 1 9
1 . 3 3
1 .77
1 . 2 8
1 . 5 2
1 .63
1 .98

Averaqe 1 .50





MODFLOW Evaluation of Emery Mine. May 2007

fntroduction

The USGS MODFLOW program was utilized to estimate water inflow volumes to and
discharge volumes from the Emery Mine, ffid to estimate the piezometric surface in the
Upper Ferron sandstone aquifer after completion of mining as well as recovery of the
aquifer after mine abandonment.

The vast majority of water inflow into Emery Mine is from the overlying Upper Ferron
sandstone aquifer which directly overlies the coal se€rm. Historically this inflow has been
in the 400-450 gallons per minute (gpm) range based on pumpage and weir outflow
records. This inflow increased to approximately 600 gpm in2006. This information was
utilized in calibrating the model.

Figure I shows the projected mining schedule from June 2007 to the end of 2016.

The MODFLOW model was constructed in three dimensions using the Utah NAD83
coordinate system since CONSOL's mapping was in this coordinate system. The
mapping was imported into the model to facilitate assigning of hydraulic properties and
boundary conditions to simulate real world conditions as closely as possible. The model
consisted of three layers: 1) the Bluegate Shale (where present), 2) Upper Ferron
sandstone, and 3) the "I" coal seam horizon. Geologic structure data were also imported
into the model to simulate strike, dip and thickness of the various units. Figure 2 shows
the model in plan view and Figure 3 shows the model in cross section. The coal seam
horizon was simulated hydrologically using extremely high hydraulic conductivity values
for the mine works and extremely low conductivity values for the solid coal surrounding
the mine. (The reason for the very low conductivity values for the solid coal was to
render lateral inflow to the mine through solid coal as negligible - only vertical inflow
from the overlying sandstone was evaluated.) The hydraulic properties of the Blue gate
Shale and Upper Ferron sandstone were derived from slug and pump tests performed in
monitoring wells in the vicinity of Emery Mine. Based on our assumption that the vast
majonty of mine inflow originates from the Upper Ferron sandstone, its hydraulic
properties were adjusted to approximate actual mine inflow rates. This was a key
component in calibrating the model prior to any predictions of future mine inflows or
piezometric surface changes. As part of this calibration phase, it was assumed that the
piezometric surfaces of the Upper Ferron sandstone and the Blue gate Shale remained
constant. The purpose of this assumption was to streamline the calibration process.
Initial piezometric head values to the predictive phase of the model were based on current
(2007) groundwater levels in monitoring wells completed in both the Blue gate Shale and
the Upper Ferron sandstone. Mine inflow and piezometric surface changes were predicted
from the period June 2007 through December 2016 (the projected life of mine). Aquifer
water level recovery after mine closure was then modeled. The following swnmarizes the
modeling steps:



Gather pump test, monitor well level, mapping, ffid geologic al data
Construct model and calibrate results with pumpage and well level data
Predict inflow and Upper Ferron and Bluegate Shale piezometric head fields on
an annual basis through 2016
At end of 2016, predict rate of filling of mine voids after dewatering pumps are
shut off and the mine is closed.

5. Predict recovery of piezometric head field in Upper Ferron aquifer after mine
closure.

Results

Mine Inflow

As with any numerical model of groundwater flow there are uncertainties as to boundary
conditions, the distribution of vertical and horizontal hydraulic conductivity, and recharge
rates among other factors. In the Emery mine inflow model, there are additional
uncertainties, the major ones being: l) changes in Upper Ferron aquifer hydraulic
conductivity resulting from pillaring of the underlying coal and 2) the hydraulic
characteristics of the nearby Joes Valley fault zone. As a result of these uncertainties,
differing scenarios were run with MODFLOW to approximate a range of inflows rather
than a single number. As a worst case inflow evaluation, it was assumed that groundwater
levels in the Upper Ferron aquifer do not change over time from 2007 going forward, that
the hydraulic properties of the Joes Valley fault zone are much higher than the
surrounding rocks, and that post-subsidence hydraulic conductivity of the sandstone is on
the high side. This scenario would assume the greatest amount of recharge to the aquifer
and thus inflow to the mine. The conservative nature of this set of assumptions is
evidenced by the fact that water levels in the Upper Ferron aquifer have declined in the
vicinity of the mine as mining has progressed, thereby decreasing the head above the
mine and the transmissivity of the aquifer.

As a worst case drawdown evaluation of the Upper Ferron aquifer it was assumed that
groundwater levels in the Upper Ferron aquifer are allowed to decline as mining
progresses, that the fault zone has lower hydraulic conductivity than for the high inflow
scenario, ffid that post-subsidence hydraulic conductivity of the sandstone is on the low
side. Since water-level declines will likely continue as mining progresses, this scenario is
considered more realistic than the worst case inflow scenario discussed above. As an
independent check to the modeled inflows, a relatively simple calculation of predicted
inflow based on inflows measured in the I't and 2nd South pillared area was used and
applied to the remaining areas to be mined. However, it must be kept in mind that the I't
and 2no South areas of the mine are near the outcrop and may not be representative of the
deeper portions of the mine.

1.
2.
3 .

4.



The results are summari zed in Table I . There is a wide range in the results with the unit
arca estimate method falling approximately halfivay in between the high and low
MODFLOW estimates.

Figure 4 shows the predicted piezometric surface (worst case drawdown scenario) for the
Upper Ferron sandstone at the end of the year 2016, that is after all planned mining has
been completed.

Post Closure

MODFLOW was also utilized to estimate the post-mine closure piezometric surface of
the Upper Ferron aquifer. This was performed in three stages:

Estimate the number of years that the mine would fill with water after all pumping
ceases. This is admittedly a very rough calculation because single values of mine
porosity, mining height, and inflow rate were assumed. In reality, porosity will
vary with type of mining (room and pillar vs. pillaring), mining height will vary
throughout the mine and inflow rate will vary with time (usually decreases as
mine floods). Nonetheless, this approach provides a place to start.
Calibrate the calculated head field in the mine with the results from (1) above. In
other words, if it takes 5 years for the mine to fill, then, if the model results are
accurate, the calculated head field after 5 years should approach the elevation of
the lowest drift entry, which is 5995 feet AMSL.
Assign constant head value of 5995 feet to the model layer corresponding to the
coal seam, and run the model to estimate the effect of post closure and flooding
on the head field with time in the Upper Ferron sandstone.

Figures 5 and 6 show the modeled piezometric surface for the Upper Ferron sandstone for
the following times:

o Year 2026, ten years after mining complete and pumping ceased, mine is
predicted to be nearly full of water to an elevation of 597 5 ft AMSL (Figure 5)

o Year 2036, twenty years after mining complete, the mine remains at a constant
pool elevation of 5995 ft AMSL for ten years (Figure 6)

The piezometnc surface maps shown in Figures 5 and 6 demonstrate that the Upper
Ferron aquifer is expected to recover significantly soon after completion of mining. This
can be most clearly seen in comparing Figures 5 and 6 with Figure 4. The rate of
recovery of the aquifer is most probably due to fairly rapid flooding of the mine because
of high recharge rates and the degree of connection between the mine and the overlying
aquifer.

l .

2.

J .



TABLE 1

Predicted Inflow for Emery Mine

Year
Predicted Inflow (epm)

Worst Case
Drawdown Scenario

Unit Area
Method

Worst Case
Inflow Scenario

2007 615 704 730
2008 6s3 861 955
2009 678 973 tt25
2010 700 1067 I 288
2011 760 12t3 1540
20t2 770 I 280 t66s
2013 892 1445 t917
2014 881 1492 1994
20t5 960 1686 237 s
2016 953 1744 2550



APPENDIX VI-l5

MODFLOW Report



MODFLOW Evaluation of Emerv Mine. May 2007

Introduction

The USGS MODFLOW program was utilized to estimate water inflow volumes
discharge volumes from the Emery Mine, ffid to estimate the piezometric surface
Upper Ferron sandstone aquifer after completion of mining as well as recovery
aquifer after mine abandonment.

The vast majority of water inflow into Emery Mine is from the overlying Upper Ferron
sandstone aquifer which directly overlies the coal seam. Historically this inflow has been
in the 400-450 gallons per minute (gpm) range based on pumpage and weir outflow
records. This inflow increased to approximately 600 gpm in 2006. This information was
utilized in calibrating the model.

Figure I shows the projected mining schedule from June 2007 to the end of 2016.

The MODFLOW model was constructed in three dimensions using the Utah NAD83
coordinate system since CONSOL's mapping was in this coordinate system. The
mapping was imported into the model to facilitate assigning of hydraulic properties and
boundary conditions to simulate real world conditions as closely as possible. The model
consisted of three layers: l) the Bluegate Shale (where present), 2) Upper Ferron
sandstone, and 3) the "I" coal seam horizon. Geologic structure datawere also imported
into the model to simulate strike, dip and thickness of the various units. Figure 2 shows
the model in plan view and Figure 3 shows the model in cross section. The coal seam
horizon was simulated hydrologically using extremely high hydraulic conductivity values
for the mine works and extremely low conductivity values for the solid coal surrounding
the mine. (The reason for the very low conductivity values for the solid coal was to
render lateral inflow to the mine through solid coal as negligible - only vertical inflow
from the overlying sandstone was evaluated.) The hydraulic properties of the Blue gate
Shale and Upper Ferron sandstone were derived from slug and pump tests performed in
monitoring wells in the vicinity of Emery Mine. Based on our assumption that the vast
majority of mine inflow originates from the Upper Ferron sandstone, its hydraulic
properties were adjusted to approximate actual mine inflow rates. This was a key
component in calibrating the model prior to any predictions of future mine inflows or
piezometric surface changes. As part of this calibration phase, it was assumed that the
piezometric surfaces of the Upper Ferron sandstone and the Bluegate Shale remained
constant. The purpose of this assumption was to streamline the calibration process.
Initial piezometric head values to the predictive phase of the model were based on current
(2007) groundwater levels in monitoring wells completed in both the Blue gate Shale and
the Upper Ferron sandstone. Mine inflow and piezometric surface changes were predicted
from the period June 2007 through December 2016 (the projected life of mine). Aquifer
water level recovery after mine closure was then modeled. The following summarizes the
modeling steps:

to and
in the
of the



1 . Gather pump test, monitor well level, mapping, ffid geologic al data
2. Construct model and calibrate results with pumpage and well level data
3. Predict inflow and Upper Ferron and Bluegate Shale piezometric head fields on

an annual basis through 2016
4. At end of 2016, predict rate of filling of mine voids after dewatering pumps are

shut off and the mine is closed.
5. Predict recovery of piezometric head field in Upper Ferron aquifer after mine

closure.

Results

Mine Inflow

As with any numerical model of groundwater flow there are uncertainties as to boundary
conditions, the distribution of vertical and horizontal hydraulic conductivity, and recharge
rates among other factors. In the Emery mine inflow model, there are additional
uncertainties, the major ones being: 1) changes in Upper Ferron aquifer hydraulic
conductivity resulting from pillaring of the underlying coal and 2) the hydraulic
characteristics of the nearby Joes Valley fault zone. As a result of these uncertainties,
differing scenarios were run with MODFLOW to approximate a range of inflows rather
than a single number. As a worst case inflow evaluation, it was assumed that groundwater
levels in the Upper Ferron aquifer do not change over time from 2007 going forward, that
the hydraulic properties of the Joes Valley fault zone are much higher than the
surrounding rocks, and that post-subsidence hydraulic conductivity of the sandstone is on
the high side. This scenario would assume the greatest amount of recharge to the aquifer
and thus inflow to the mine. The conservative nature of this set of assumptions is
evidenced by the fact that water levels in the Upper Ferron aquifer have declined in the
vicinity of the mine as mining has progressed, thereby decreasing the head above the
mine and the transmissivity of the aquifer.

As a worst case drawdown evaluation of the Upper Ferron aquifer it was assumed that
groundwater levels in the Upper Ferron aquifer are allowed to decline as mining
progresses, that the fault zone has lower hydraulic conductivity than for the high inflow
scenario, ffid that post-subsidence hydraulic conductivity of the sandstone is on the low
side. Since water-level declines will likely continue as mining progresses, this scenario is
considered more realistic than the worst case inflow scenario discussed above. As an
independent check to the modeled inflows, a relatively simple calculation of predicted
inflow based on inflows measured in the I't and 2nd South pillared area was used and
applied to the remaining areas to be mined. However, it must be kept in mind that the I't
and 2no South areas of the mine are near the outcrop and may not be representative of the
deeper portions of the mine.



APPENDIX VI.15

MODFLOW Report



MODFLOW Evaluation of Emery Mine. May 2007

Introduction

The USGS MODFLOW program was utilized to estimate water inflow volumes to and
discharge volumes from the Emery Mine, and to estimate the piezometric surface in the
Upper Ferron sandstone aquifer after completion of mining as well as recovery of the
aquifer after mine abandonment.

The vast majority of water inflow into Emery Mine is from the overlying Upper Ferron
sandstone aquifer which directly overlies the coal seam. Historically this inflow has been
in the 400-450 gallons per minute (gpm) range based on pumpage and weir outflow
records. This inflow increased to approximately 600 gpm in 2006. This information was
utilized in calibrating the model.

Figure I shows the projected mining schedule from June 2007 to the end of 2016.

The MODFLOW model was constructed in three dimensions using the Utah NAD83
coordinate system since CONSOL's mapping was in this coordinate system. The
mapping was imported into the model to facilitate assigning of hydraulic properties and
boundary conditions to simulate real world conditions as closely as possible. The model
consisted of three layers: 1) the Bluegate Shale (where present), 2) Upper Ferron
sandstone, and 3) the "I" coal seam horizon. Geologic structure data were also imported
into the model to simulate strike, dip and thickness of the various units. Figure 2 shows
the model in plan view and Figure 3 shows the model in cross section. The coal seam
horizon was simulated hydrologically using extremely high hydraulic conductivity values
for the mine works and extremely low conductivity values for the solid coal surrounding
the mine. (The reason for the very low conductivity values for the solid coal was to
render lateral inflow to the mine through solid coal as negligible - only vertical inflow
from the overlying sandstone was evaluated.) The hydraulic properties of the Bluegate
Shale and Upper Ferron sandstone were derived from slug and pump tests performed in
monitoring wells in the vicinity of Emery Mine. Based on our assumption that the vast
majority of mine inflow originates from the Upper Ferron sandstone, its hydraulic
properties were adjusted to approximate actual mine inflow rates. This was a key
component in calibrating the model prior to any predictions of future mine inflows or
piezometric surface changes. As part of this calibration phase, it was assumed that the
piezometric surfaces of the Upper Ferron sandstone and the Bluegate Shale remained
constant. The purpose of this assumption was to streamline the calibration process.
Initial piezometric head values to the predictive phase of the model were based on current
(2007) groundwater levels in monitoring wells completed in both the Bluegate Shale and
the Upper Ferron sandstone. Mine inflow and piezometric surface changes were predicted
from the period Jvne 2007 through December 2016 (the projected life of mine). Aquifer
water level recovery after mine closure was then modeled. The following summarizes the
modeling steps:



Gather pump test, monitor well level, mapping, and geological data
Construct model and calibrate results with pumpage and well level data
Predict inflow and Upper Ferron and Bluegate Shale piezometric head fields on
an arurual basis through20l6
At end of 2016, predict rate of filling of mine voids after dewatering pumps are
shut offand the mine is closed.
Predict recovery of piezometric head field in Upper Ferron aquifer after mine
closure.

Results

Mine Inflow

As with any numerical model of groundwater flow there are uncertainties as to boundary
conditions, the distribution of vertical and horizontal hydraulic conductivity, and recharge
rates among other factors. In the Emery mine inflow model, there are additional
uncertainties, the major ones being: l) changes in Upper Ferron aquifer hydraulic
conductivity resulting from pillaring of the underlying coal and 2) the hydraulic
characteristics of the nearby Joes Valley fault zone. As a result of these uncertainties,
differing scenarios were run with MODFLOW to approximate a range of inflows rather
than a single number. As a worst case inflow evaluation, it was assumed that groundwater
levels in the Upper Ferron aquifer do not change over time from2007 going forward, that
the hydraulic properties of the Joes Valley fault zone are much higher than the
surounding rocks, and that post-subsidence hydraulic conductivity of the sandstone is on
the high side. This scenario would assume the greatest amount of recharge to the aquifer
and thus inflow to the mine. The conservative nature of this set of assumptions is
evidenced by the fact that water levels in the Upper Ferron aquifer have declined in the
vicinity of the mine as mining has progressed, thereby decreasing the head above the
mine and the transmissivity of the aquifer.

As a worst case drawdown evaluation of the Upper Ferron aquifer it was assumed that
groundwater levels in the Upper Ferron aquifer are allowed to decline as mining
progresses, that the fault zone has lower hydraulic conductivity than for the high inflow
scenario, and that post-subsidence hydraulic conductivity of the sandstone is on the low
side. Since water-level declines will likely continue as mining progresses, this scenario is
considered more realistic than the worst case inflow scenario discussed above. As an
independent check to the modeled inflows, a relatively simple calculation of predicted
inflow based on inflows measured in the 1" and 2nd South pillared area was used and
applied to the remaining areas to be mined. However, it must be kept in mind that the l't
and2no South areas of the mine are near the outcrop and may not be representative of the
deeper portions of the mine.

1 .
')
a
J .

4.

5 .



The results are summarized in Table 1. There is a wide range in the results with the unit
area estimate method falling approximately halfivay in between the high and low
MODFLOW estimates.

Figure 4 shows the predicted piezometric surface (worst case drawdown scenario) for the
Upper Ferron sandstone at the end of the year 2016, that is after all planned mining has
been completed.

Post Closure

MODFLOW was also utilized to estimate the post-mine closure piezometric surface of
the Upper Ferron aquifer. This was performed in three stages:

l. Estimate the number of years that the mine would fill with water after all pumping
ceases. This is admittedly a very rough calculation because single values of mine
porosity, mining height, and inflow rate were assumed. In reality, porosity will
vary with type of mining (room and pillar vs. pillaring), mining height will vary
throughout the mine and inflow rate will vary with time (usually decreases as
mine floods). Nonetheless, this approach provides aplace to start.

2. Calibrate the calculated head field in the mine with the results from (l) above. ln
other words, if it takes 5 years for the mine to fill, then, if the model results are
accurate, the calculated head field after 5 years should approach the elevation of
the lowest drift entry, which is 5995 feet AMSL.

3. Assign constant head value of 5995 feet to the model layer corresponding to the
coal seam, and run the model to estimate the effect of post clostue and flooding
on the head field with time in the Upper Ferron sandstone.

Figures 5 and 6 show the modeled piezometric surface for the Upper Ferron sandstone for
the following times:

o Year 2026, ten years after mining complete and pumping ceased, mine is
predicted to be nearly full of water to an elevation of 5975 fr.AMSL (Figure 5)

o Year 2036, twenty years after mining complete, the mine remains at a constant
pool elevation of 5995 ftAMSL for ten years (Figure 6)

The piezometric surface maps shown in Figures 5 and 6 demonstrate that the Upper
Ferron aquifer is expected to recover significantly soon after completion of mining. This
can be most clearly seen in comparing Figures 5 and 6 with Figure 4. The rate of
recovery of the aquifer is most probably due to fairly rapid flooding of the mine because
of high recharge rates and the degree of connection between the mine and the overlying
aquifer.



TABLE I

Predicted Inflow for Emerv Mine

Year
Predicted Inflow (epm)

Worst Case
Drawdown Scenario

Unit Area
Method

Worst Case
Inflow Scenario

2007 615 704 730
2008 653 861 955
2009 678 973 rt25
2010 700 t067 1288
2011 760 t2t3 t540
2012 770 1280 1665
20r3 892 t445 19t7
20t4 881 r492 1994
20ts 960 1686 2375
20r6 9s3 1744 2550
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